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An Account of the Oservations on the Transit of Vtvtrs 
ever the SvN, on the ^d of June, i'/6g, by the Committee 
appointed to ohferve it at '2\(\\3At\\^\(\^ \ drawn up, and prs- 
fented to the American Philosophical Society, held at 
Philadelphia, for prettioting ufeful Knou,kdget 

By John Ewing. 

Gentlemen, 

IT doubtlefs niufi: appear rtrange to many, that the parallax 
of the Sun, which is fo important and fundamental an ar- 
ticle in Aftronomy, has not been fettled by Aftrdnomers long 
ago, as fo many things in that ufefuf Science depend upon it. 
But this furprife is leflened by confidering, that the fmallnefs 
of the parallafbic angle has eluded their moft careful refearches 
in all ages, as it is but about 8 or 9 fcconds of a minute ; fo 
that the fubtenfe of it, were it much Ijrger than it is, muft be 
invifible to the naked eye at the diftance of 6 inches, and it is 
hardly poflible todiftinguifh 10 feconds by inftruments, let 
them be ever fo (killfuUy made. Many methods have been 
devifed by Aftronomers, which fhew the ingenuity of the in- 
ventors ; but thedifadvontage of them all was, that they de- 
pended upon obfervatlons to be made with a precifion, which no 
inftrumentshithcrroconftruded could poffibly accomplifh. The 
Tranfus ofVenus alone afford an opportunity ofdeterminingthis 
problem with fufficient certainty, and thefe, from the flrift laws 
of her motion, happen fo feldom, that there cannot be more of 
them than two in one century, and in fome centuries none at 
all. Three only have been obferved fince the creation, and the 
firft of them by two perfons only. The peculiar advantage of 
this phaenomenon for determining the parallax of the Sun with 
a precifion which is not to be expefted from any other method, 
confifts in its being deduced from the abfolute time that elapfes 
between the inftants of the contafts with the Sun's limb, as 
feen from different parts of the earth -, or from the difference of 
total durations as noted by diltantobfervers, properly ftationed 
for that purpofe. A fecond of time being eafily didinguilhed 
by a well regulated clock, if the aforelaid abfolute difference of 
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time be carefully noted, in places where itwill amount to 24 mi-- 
nutes, it will give the parallax, fmall as it is, within the hun- 
dreth part of a fecond of a degree, and confequently the dif- 
tance of the Sun and planets within the feven hundredth part of 
the whole. In fome Tranfits this difference of time will be 
greater, and in others lefs, in certain places on the earth, which 
renders thofe that happen on the northern part of the Sun's 
difc, in general, more favourable to o\ir purpofe, than thofe 
that happen on the fouthern hemifphere. Hence it is, that al- 
tho' much was done in this matter by the fedulity and care of 
Aftronomers at the Tranfit in the year 1761, when Venus 
pafled fouth of the Sun's center, yet our expedations could 
not be fully anfwered by the obfervations that were then made j 
as it was eafily forefeen that much greater precifion might be 
attained, from the advantageous circumftances that would attend 
the 1 ranfit in 1769. 1 he great proficience, which the Aftro- 
mers made in fettling this fundamental clement, beyond what 
was ever kno.vn before, has only raifed their expeftations and 
engaged their attention to improve every advantage, that can 
be derived from a careful obfervation of this Tranfit. If they 
have not been difappointed by unfavourable weather, we hope 
for the utmoft certainty that can be gained in this matter, 
from the Obfervations they have made, when they fhall be 
compared together. But after all, we mufl: fit down with the 
difagreeable affurance that the diftance of the Sun cannot be 
determined by them, let them be made with ever fb great ac- 
curacy, within many thoufand miles ; which will not appear 
ftrange, when we confider that his diftance is upwards of 94 
millions of miles, and that an error of a fingle fecond in his 
parallax will give an uncertainty of 10 or 11 millions of miles 
in his diftance. 

This approximation, however, is fo much greater than 
could je expefted, from any other method, that has ever 
been pi-^Bofed, that it has defervedly engaged the attennon of 
every civilized nation in the world ; and it muft redound to 
the hor«3r of ovr Society, that they have taken <"nch' cfFeffual 
care to have' proper Obfervatories eredted, to furnilh them 
with the neeeffary inftruments, and to a£»p©int proper perfbns, 
to life them on that occafioo* 

As-.. 
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As the credit of our Obfervations, and the ftrefs that will 
be laid upon them, in determining the parallax of the Sun, will 
greatly depend not only on the care and (kill of the perfons that 
made them, but alfoon the goodnefs of the inftrunients, with 
which we were furniflied J it has been judged proper to give 
the public the toliowing account of our apparatus, and of the 
pains we have taken to have it in the belt order. 

As the Society were pleafed to appoint Jofeph Shippen, Efq; 
Dr. Hugh Williatnfot}, Mr. Charles 'thomjon, Mr. 'Thomas Prior, 
and Myfelf, as a Committee to obierve the Tranfit at the Ob- 
fervatory, which they had crefted in this city, we fpared nei- 
ther time nor labor to have every thing neceflary for the Ob- 
lervation in readinefs. We were provided with an excellent 
Sedor of 6 feet radius, made by the accurate Mr. Bird, and an 
E^qual Altitude and Tranfit Inftrument, both belonging to the 
honorable Proprietaries of this province, which the Governor 
very generouflylent to the Society on this occafion. Our Tele- 
fcopes were, alargeRefle<n:orof4feet focus and 7 inchesapcrture, 
which magnified from lOO to 400 times with an excellent Mi- 
crometer of Mr. Dollond's conftru^lion fitted to it, which the 
Aflembly of the province had ordered over at the rcqueft of the 
Society ; a Refrading Telefcope of 24 feet focus, belonging to 
Mifs Norris; twoRefleftingTclcfcopes of 18 inches focus, one 
the property of Mr. Hamilton, the late Governor of this pro- 
vince, and the other of Mr. Prior, together with another Reflec- 
tor of 12 inches focus. With thefe, and a good time-piece, we 
promifed ourfelves the pleafure of making accurate Obferva- 
tions, if the weather fhould prove favourable. For this pur- 
pofe we met frequently before the Day of the Tranfit, to ad- 
ju(t our inftruments, and to remove every local obftruftion 
that might hinder our Obfervations. 

Some of us gave particular attention to the regulation of the 
time-piece, and therefore took the paflage of the Sun s limbs 
over the crofs hairs of the Tranfit-inftrument, both forenoon 
and afternoon for many days before and after the Tranfit, and 
particularly on that day. As it had 3 horizontal hairs fixed in 
the focus, it afforded us 6 fetts of correfponding altitudes, which 
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generally agreed in giving the time of apparent noon wrthin 
2 feconds ot each other ^ fo that by comparing them together 
4aily, and applying the proper equations for correfponding 
altitudes, on account of the Sun's change of declination be- 
tween the forenoon and ahernoon Obfervations, we were af- 
fured of the rate of our clock's going and the time of apparent 
no' n to a fingle fccond. We did not think it neceiTary to 
burden our minutes, with the great number of Obfervations of 
this kind, that we made. Let it fuffice to fay, that they were 
made with the utmoft care, and that our time piece was fixed 
to a large poft funk into the ground four or five feet, fecured 
from fhaking by a brick wall at the bottom, and no ways 
communicating with the fides of the building. 

The long expected Day of the Tranfit came, fo favourable 
to our w flies, that i here was not the leaft appearance of a 
cloud in the whole horizon from morning till night, and the 
Iky was uncommonly ferene. The Committee affembled in 
the morning at the Obfervatory, examined the adjuftment of 
their Telefcopes anew, and appointed two afliftants to obl'erve 
the clock, one to count rhe leconds with an audible voice, and 
the other to write down the minutes us they were compleated, 
to prevent a miltake in that article. 

Every Obferver being fixed at his Telefcope, at leaft half 
an hour before the beginnmg of the Tranfit ; we obferved 
the contacts of the limbs of Venus and the Sun at the times 
mentioned in the following accounts, as they were drawn up 
feparately by the Obfervers themfelves, and are here inferted- 
in their own words. 

Account of the Contacts, hy JOSEPH SHIPPEN, Efy; 

" loBSERVED this Very uncommonand curious Phaenomenon 
" with a new Reflefting Telefcope, made by Mr. George 
*' Adams, whofe tube is two feet and half an inch long, its 
*' aperture 4,15 inches diameter, and its magnifying power 
*' about 90 times. After having well adjuftedits focal dirtance, 
" the Sun's limb appeared fo well defined, that the leaft ob- 
" fcuration of it might be clearly difccrned by a good eye. 

G ' In 
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" In order to dilcover the firft external contaft, as near the 
" precife time of its happening as poflible, I kept conftantly 
" in the field of the Telefcope, but afmall arch of the Sun's 
" limb, and only that part of it, where it was expefted the 
*' Planet would enter •, by which means I believe 1 faw the 
" obfcuration on the limb of the Sun as near the exad time of 
*' its beginning as the power of the Telefcope would admit of. 

" The firft alteration which I perceived in the Sun's difc, 
" was a jagged like appearance on a fmall arch ot the limb ; as 
" if a fhadow had been caft on it with an irregular notched edge, 
'* which, at every fecond, feemed to increafe with a kind of 
" waving and tremulous motion. I firft perceived this change 
" at 2''. 13'. 4.y" ap, time, though I was not then convinced 
" that that appearance was, either the Phaenomenon we looked 
" for, or caufed by the Planet's near approach to the Sun's 
" limb •, but imputed it rather to fome duft that might acci- 
" dentally have fallen on the large mirror of the Telefcope, 
" as I expeded the contaft would have (hewn itfelf by one 
'•' fmall arched indent on the Sun's limb. And it was not till 
" after 12 feconds more had pafled, that I was certain the 
" contadl had happened ; for then, viz. at z^. 13''. 59* ap. 
" time, I could plainly diftinguifh a fingle impreffion, or in- 
" dent, in the Sun's limb •, yet it was exceedingly fmall, and 
" without any of the jagged appearance before mentioned, 

" I CANNOT well account for thefe different appearances in 
'• fo fmall a fpaceof time, but by fuppofing that the firft was 
" occafioned by an atmofphere around the body of Venus, 
" which might have obfcured, in afmall degree, part of the 
" Sun's limb, a few feconds before the conta(fl: ; and that after 
" Venus herfelf had actually entered on tl>e Sun's- limb, the 
". brilliancy of the Solar rays might have fo far illuminated the 
" atmofphere of Venus, as to caufe the obfcuration at firft 
" perceived to difappear, and leave only the well defined 
" form of the planet on the Sun's difc. 

" On confidering the matter in this viev/, I am inclined to 
^' think that the firft external contad did not really happen 

" till 
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" tlllatleaft3 feconds after I firft perceived the jagged obfcu- 
" ration on the Sun's limb -, and then it -would be at 
" z*". 13'. 50*' ap. time. 

" But if Aftronomers agree to fix the time of the firft con- 
" ta<5t at the beginning of that obfcuration, I think it is pro- 
" bable the contacft may have happened two or three feconds 
" before I difcerned that obfcuration : In which cafe, the con- 
" tad may be faid to take place at i*". 13'. 44''' ap. time. 

" In determining on the manner in which I fliould judge of 
'^^ tht Internal Cont all, I confidered that after Venus fhiould 
move on the Sun's difc with half her diameter, the horned 
points occafioned thereby in the Sun's limb would appear 
more acute, and approach nearer to each other as the planet 
proceeded till the points fliould aftualjy unite. F'rom this 
reflection I was induced to think, that the inflant of the 
cJofing of thole points ought to be fixed on as the precife 
time of the internal contact: •, becaufe Venus mufl then have 
paifed the Sun's limb with her whole diameter, and both 
their circumferences, or limbs, might be faid to coincide. 

" \ THEREFORE carcfuUy obferved the progrefs of the 
Pianet, and faw very diflinAly, as fhe moved onwards, that 
the iliummatcd points of the Sun's limb became better de- 
fined; and wheiithey approached fo near each other as to be 
within aboucS fecondsof touching, which wasat2h. 3i'.26'''' 
ap. time, I heard one of the Obfervers call out, Cent all \ 
but as his obfervation did not feem to agree with the manner 
which I had fixed forjudging of the contaft, I continued 
viewing with the ciofelt attention, in order to hx the time 
of contadl according to the idea I had formed of it ; and at 
2h. 31'. 34''. ap. time I could fcarcely dilHn'guifh the illu. 
minated points of the Sun's limb to be any longer feparate; 
for in two feconds more they appeared to be fo far clofed as 
to form a fiigle thread of light on that part of the Sun's 
limb, which a few feconds before had been eclipfed. I 
therefore conclude that the apparent firft internal contad 
ot Venus happened at 2''. 31'. 34* ap. time. Yet it is 
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not improbable that her real Conta£l may have happened a 
** few feconds fooner, if it be certain that fhe has an Ji- 
" mofphere ; becaufe that might have obfcured the Sun's limb 
" a few feconds after Venus was entirely immerfed within the 
** difc ; in the fame manner as I judged with rcfpeft to the 
" external Contaft, that the beginning of the Obfcuratioft of 
*' the Sun's limb was occafioned by the intervention of the 
'^ atmofphere of Venus a few feconds before her body adtually 
" came in contadl: with the Sun." 

Jccomt of the Co:iT ACTS, by Dr. WILLIAMSON. 

" I MADE ufe of aRefraftingTelefcope 24 feet long, which 
" magnifies ninety times. The glafles were in very good or- 
'* der, and the air uncommonly ferene, fo that the Sun's limb 
" appeared very diftinft and well defined, whence I promifed 
*' myfelf the pleafure of fixing the external contad to a fecond, 
" but the event convinced me that I had promifed too much. 
" A dufky appearance once and again drew my attention to a 
** particular part of the Sun's limb, but I could fee no fuch 
" dark fpot there as I thought Venus muft produce, and it 
" was not till z^. 1 1'. 31''' mean time, or 2''. 13'. 46'' apparent 
" tirrte, that I determined to ftop a watch which 1 had in my 
" hand, to afcertain the time of my Obfervation, leaft fome 
*' accident fnould prevent my hearing the affitlanr, who flood 
" at 5 or 6 yards diftance by the clock counting feconds. At 
" that very time I was doubtful, whether the appearance en 
*' the limb of the Sun was certainly occafioned by the inter- 
" pofition of the body of Venus ; for tho' the darknefs was of 
" fome extent along the Sun's limb, yet the impreffion was 
" not proportionably deep, fuppofing that it was made by 
'* a circle fo fmall as Venus' compared with the diameter of 
" the SuHj nor was the darknefs equally perfed ; yet the fub- 
*' fequentprogrefs of the darknefs foon convinced me that I 
»*• had not been much too hafty in noting the time of the exter- 
" nal contad. 

" When Venus had advanced with a little more than half 
"^ her bodv on the Sun, her whole eaftern limb appeared faint- 

" ly 
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" ly illuminated : This light feemed to encreafe as fhe advans- 
" ced farther on the Sun, till near the time of the internal con- 
" taft. By this time I was convinced that Venus is furroun'- 
" ded by a denfe atmofphere of a confiderable height, which 
" doubtlefs had prevented my fixing the external contaft, 
" 'with that accuracy I had expedted, and had occafioned that 
" inequality in the darknefs, which I had obferved on the 
" Sun's limb. 

" In determining the internal contaft, which I apprehend 

" was done with great exa6knefs, 1 attended to the inftant, 

" when there was a perfe6): coincidence of the limb of Venus 

" with the limb of the Sun, as when two circles touch intcr- 

" nally. This appeared at z"^. 31'. 24'' apparent time. I ex- 

" pedted by the time the affiftant had counted another fecond, 

" to have feen light diftindlly round the eaftern limb of Ve- 

" nus ; not fuch a radiance as had for 7 or 8 minutes render- 

" ed that part of the planet vifible ; but a certain narrow 

" portion of the Sun's limb which had a very diftinguilhable 

*' appearance from thelight I have mentioned. The edge of 

*' the Sun did not appear fo foon -, neverthelefs I fixed upon 

*' 2**. 31'. 25'' for the precife time of the internal contad, 

" being certain, that no part of Venus was then off the Sun. 

" One or two feconds more were counted before the Sun ap- 

" peared diftinftly without the limb of Venus. But then it 

" was obvious that Venus did not then touch the Sun's limb 

" in any part, fo that the contad was certainly over." 

Mr. prior made his Obfervations with his own Refledting 
Telefcope, whofe magnifying power he does not certainly 
know, but fuppofes it to be at leaft an hundred times. He 
gave thefollovving account of his Obfervation of the Contadls, 
viz. 

" The uncertainty where Venus would touch the Sim's 
" limb made me take the following method. From 8 or 9 
*' minutes paft two o'clock I made it a rule to pafs my eve 
" from the lower edge of the field of my Telefcope to the 
" upper, many times in a minute, and examine the limb of 

" the 
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" the Sun ftridly, in hopes of dilcovering the atmofphcre of 
" Venus approach, fo as to give an opportunity of taking the 
" contafts of the limbs to a great certainty. In pafling my 
" eye along the limb of the Sun, I difcovered a fmall imper- 
" feftion, which I thought muft be the ftroke of the at- 
" mofphere, but in four feconds I difcovered it to be the limb 
" of Venus, the atmofphere not being vifible on the Sun. 
" The time therefore that 1 note for my external contadt is, 
" when I firft difcovered that imperfeflion on the Sun's limb, 
" which was at 2^. 13'. 42* apparent time. When the body of 
" Venus was fomething more than one third on the Sun, I faw 
" her eaftern atmofphcre very diftindly refleding the light oi 
" the Sun fo ftrongly on the limb of Venus, as to fhew it well 
" defined ; but as it came on the Sun, it was entirely loft. 
" The time, I note for my internal Contaft, w;is, when the 
" thread ot light was diftinflly feen all round the body of 
•' Venufi, which was at 2''. 31'. 28'*" apparent time." 

Mr. JAMES PEARSON having obierved the external 
Contad at ah. 13'. go'' apparent time, with a fmall Telefcope, 
belonging to the honorable Proprietaries of this province, 
whofe magnifying power is about 60 cimei ; Mr. CHARLES 
THOMSON obfervcd the internal contact with tiie fame 
Telefcope, of which he gave the following account, viz. 

" At a**. 29'. ix^'' meantime, or a**. 31'. 26'' apparent 
" time, I faw fome tremulous rays of light pals from the up- 
*' per or eaftern limb of the Sun to the eye, acrofs, and fo as 
" juft to touch the upper limb of Venus. Marking that down 
"■ therefore as the time of Contadt, I counted four feconds, at 
•' which time I faw a continued thread of light, like a filvcr 
" lace, but ftill with a tremulous motion, round the eaftern 
" limb of Venus, whereby it appeared to me that the whole 
" body of Venus was then within the difc of the Sun. The 
*« tremulous appearance of the rays of light, 1 at firft attri- 
«' buted to my Telefcope reftmg againft the fide of the Ob- 
"• fervatory, but afterwards apprehended might be owing to 
« their pafling thro' the atmofpere of Venus." 

The 
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The Committee having defired me to ufe the large Reflec- 
tor abovemencioned, I chofe that power which magnifies the 
diameters of objedts 300 times •, with which I obi'erved at; 
2''. 13'. 48'' apparent time, an obfcuration on the north-eaftern 
limb of the Sun, gradually advancing forwards with a tremu- 
lous motion, which from its irregular and dufky appearance, 
I concluded was occafioned by the refradtion of the Sun's rays 
thro* the atmofphere of Venus, which atmofphere foon after- 
wards became very obfervable to us all. From this 1 was led to 
conclude that the Contaft did not happen till about 15 or 16 
feconds afterward?, when there was a large and evident impref- 
fion made on the limb of the Sun; but as theprecife moment of 
the external Contaft cannot be noted by an Obfervcr, the body 
of Venus not yet being interpofed between the Sun's limb and 
the eye •, this Contaft muft have happened about the time that 
her atmofphere made the abovementloned obfcuration, and 
therefore I am of opinion thatthetrue timeoftheContaft fhould 
be accounted at 2''. 13^. 48'', or it may be 3 or 4 feconds fooner, 
when nothing but the atmofphere of Venus, which preceded 
her body, appeared on the limbof the Sun. Aboutthe timethat 
the center of Venus approached the Sun's difc, I faw the whole 
body of Venus, her ealtern edge being furrounded with a faint 
light, which was doubtlefs occafioned by her atmofphere re- 
frafting thcSun's rays.Atz''. 29'. 11 ''mean time, or 2'^. 31'. 26''' 
apparent time, 1 faw the internal contaft, when the whole body 
of Venus was introduced within the difc of the Sun, and the 
thread of light had compleatly furrounded her, altho' not as 
bright as it became in two feconds afterwards. 

From what has been faid, it appears that the apparent times 
of theContafts may be reprefented at one view in the following 
table, as they were noted by the different Obfervers. 
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After the Obfervation of the Contads, I applied myfelf to 
the Micrometer to meal'ure the diameters of the Sun andVenus, 
and the diftance of their limbs at fundry times during the 
Tranfn. I had indeed frequently meafured the equatorial dia- 
meter of the Sun before the Day of the Tranfit, and always 
found it to be 6 feconds lefs than what is given in the Nautical 
Almanac. The mean of 6 meafures on that day is 31'. ^i^.b^ 
•which differs but o''',3 or three-tenths of a fecond from what is 
given in the faid Almanac leffened as above. Therefore I have 
iiated it at 31'. 31 ''.3 in the following redudions and cal^ 
culations. 

Six meafuTes of the diameter of Venus on the Sun made it 
58 feconds. I attempted to meafure it both ways, with the 
beginning of the divifions of the vernier advanced on the fcale 
of the Micrometer and the contrary, that the error of adjuft- 
ment might have been thereby taken away. But the M-cro- 
meter did not admit of it, the diameter of Venus being a fmall 
matter too large for this operation. However I took fome 
meafures this way, but they gave the diameter no more than 
55'''.4, which appearing too fmall were therefore rejedted. 

About 20 minutes after the Contafts, I began to meafure 
the neareft diftance of the limbs of Venus and the Sun, and 
continued untill the Sun was fo low, that the meafures could 
not be made with fufficient accuracy any longer. Some of the 
meafures appear to difagree too much with the others, and 
therefore (liould not be depended on ; but I could not prevail 
upon myfelf to negleft the inlerting of them; leaft the unufual 
agreement among fo great a number fhould raife a fufpicion in 
the minds of Aflronomers that they had not been honeflly 
tranfcribed from our minutes •, efpecially as there are enough 
to anfwer all the purpofes defigned by them, which agree 
in giving the neareft diftance of the* centers with fufficient 
precifion. Although thefc meafures arc fet down in the fol- 
lowing table with the parts of a fecond, we would not therefore 
be fuppofed to affeft an impofllble accuracy in them, but they 
are fuch as the Micrometer has given them when properly 
reduced. 
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The foregoing neareft diftances of their centers are deduced 
from the meafured diftances of their limbs, taking tiieir dia- 
meters as they are ftated above : And the parallaxes are^ not 
computed, but meafured from a projection of the difc of the 
earth as feen from the Sun^ the projedlion being 3 i incKes and 
an half in diameter. 

THElatitude of our Obfervatory in Philadelphia is deter- 
mined from the Obfervations of Mcffrs. Mafon and Dixon with 
the above mentioned Seftor. From a mean of thirty Obfcr- 
vations of the paflage of fome ftars over tne Meridian, they 
found the latitude of the moftfouthern pomt ot the city of 
Philadelphia to be 39°. 56'. 29,'''2. Our Obfei 



2 5 feconds, and 



Obfervatory is North 
therefore its latitude is 



of this pomt, 
39"- 56'. SV- 

In order to determine the parallax of the Sun, from the 
foregoing Obfervations, it is neceffary that our longitude from 
fome fixed Meridian fhould be afcertained with the moft rigor- 
ous precifion. For this purpofe we have obferved various 
Eclipfes of Jupiter's Satellites, that they might be compared 
with the correfpondent Obfervations made at Greenwich and 
elfewhere, when we are furniflied with them. 

Eclipfes. 
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:Eclipfes of.JUPITERV SATELLITES, obferved at Philadelphia, witk 

a Two Feet Refleftor. 



D. h. tn. fee. 

ij6j.Jpril 3, 7. 1 1. 23 Em. 2d. Ap.T. 

Ma^ 30, 10. 15. 32 Em. 1/?. 

Ji/nei^, 9. 18. 6 Em. z*/. 

1768. W«r. I, g. 46. 49lm. 1/?, 

^/r/V 9, 1 o. 3 7 . 2 Em. I/?. 

2;, 8.56. 50 Em i_/^. 

JV/<yi I 2, 10. 33. 9 i' ni. z*/. 

I769.f<^. 16,14. 21. 5 1 ]ni. 'T'- 

20. 15. 42. I Im. 2 J. 

23. 16. 16. 21 Im. y/. 
M«r 17, 12,45. 2' '■"• ^'''* 



D. h. m. fee; 
lySg. Jfril^, 14. 50.481m. ly?. Ap.T. 

11, 9. 49. 14 'm. 2J. 

12, 1 1. 15.491m. !_/?. 
JV/ay 5, n.30. 28 Im. ly?. 

With a four teet Refleftor. 

J^une 7, 8.44. 37 Em. 2;/, 
22, 8. 27. 35 Em. iji, 
29, 10.21.55 Em. i/, 

./^af.23, 1 z. 15. 48 Em. iji. 

Sep.ii, 7.44.41 Em. zt/. 



Since the foregoing account has been drawn up, we have 
been f urniftied with fome Obfervations of the eclipfes cf Jupi- 
ter's faieUites, made hj the Revd. Mr. Mafkelyne, Aftrono- 
mer Royal, at Greenwich. By comparing thcfe with the hke 
Cbfervatlons made at Philadelphia and Norriton, we are en- 
abled to fettle the longitudes of our Obfervatorics. But as 
there are but two or three of them correfpondent wifh ours, 
we mutt have recourfc to another method ; which is firft to 
compare them with the calculations in the Nautical Almanac, 
which were made for the meridian of Greenwich, that the er- 
ror of the tables may be difcovered by the mean of them; and 
then to compare ours with the fame calculations, applying the 
errors of the tables to the longitude deduced from this com- 
parifon. We may depend upon the refult of this method with 
much more .confidence, than upon any fingle obfervation. 

Here follow the Apparent Times of the Greenwich Obfervations compared 
with the calculations of the. Nautical Almanac. 



1769. D. h. m. fee. 
Mar. 19, li. 15 7 Im. 1/?. Obf. at Gr. 
19, iz. 14. z6 Do. p. calc. ofN.AI. 

" ^T Error Weft. 

Apr. II, 14. 50. 13 Im. id. Obf. .it Gr. 

11, 14. 50. 4 Do. p. calc. ofN.AI. 

19 Error Weft. 

12, 16. 16. 13 Im. I/?. Obf at Gr. 
12, 16. 16. 13 Do. p, calc. ofN.AI. 



H 



1769. D, h. m. fee. 
ApriliZ, ,4, 3j. ,71,1,. 17?. Obf. at Gr. 
i%, 14. 36. 14D0. p. calc. oiN.Al. 



57 Error Esft. 
May 6, 11. 51, i,Im. id. Obf. at Gr' 
6, II. 5'' 4sDo. p. calc. ofN.AI. 



43 Error Eaft. 

May 1(5, 9. 3?. 15 Em. 1/?. Obf atGr. 
16, 9. 31. 7 D. p. calcof N. Al. 



I. « Error V/eft 



Jmit 
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S;€9.D. b. m. fee. 

June 8, 9. 4t. 16 Em. ijl, Obf. at Gr. 

8, 9. 41 . z6 Do. p. calc. of N.Al 



10 Error Eaft. 

15, I J. 35, 33Em. i^. Obf. atGr. 
15, II. 34.. 55D0. p.calc. ofN.AI. 

38 Error Weft. 



1769. D. h. m. 

July I, 9. 50. 

I, 9, 50. 



fee. 

24 Em. jjt. Obf. at Gr. 

37 Do. p. calc. ortl.AI. 

13 Error Eaft< 



Now altho' the errors of rhe firft fatellite appear confidera- 
ble, yet if we rejedt the Obfervacion of the i6th of May as 
being too near to the time of Jupiter's oppofition with theSun; 
the mean of thofc, which give an eaftcrn meridian correfponding 
with the calculations of the Nautical Almanac, exaftly counicr- 
balances the mean of thofc which give a weftern meridian cor- 
refponding with them. Therefore we have nothing to do but 
to reduce all our Obfervations at Norriton and Philadelphia to 
the meridian of Philadelphia, and then compare them with the 
calculations in the Nautical Almanac. 

The Norriton Obfervations of the eclipfes of Jupiter's firft SateJlite are 

as follow. 



D. h. m. fee. 

1769. Feb. 16, 14. 21. 10 Tm. ^fl. 

23. 16. 15. I Im iji. 

April J> 14. 49 25 Im. 1/?. 

10, i6. 46. o Im. iji, 

12, II. 14. 37 Im. \Jl. 

M»y 5, II. 29.. 27 Im, \Jl. 



1769 D h. ro. fee. - 

May 14, 10. .-. l^^va.lfi.doublfuh. 
21, I!. 55. ,3 Em. ij}. 
June 6, 10. 11.32 Em. iJi. 
7, 8. 43 44 Era. 2J. 
13, 12. 5. 1 Em. lyf. 



Now if we compare the correfpondenr Obfervations at Phi- 
ladelphia and Norriton on the i6th of February, the 12 eh of 
April, the 5th of May, and the 7 th of June 1769, the diffe- 
rence of our meridians will he found from the mean ot them to 
be 57 feconds of time. I his is farther confirmed by the Obfer- 
vations we have made on the Tranfit of Mercury over the Sun, 
on the 9th of November, 1769, which being compleatcd before 
thefe Iheets were printed off, we have judged proper to infert. 

•Apparent Time. h. m. fee. 
Theexter.contaft was at 2. 36. 9 by the mean of 4 Obfer. at Philadelphia, 
And at - - 2. 35. 17 by the mean of 3 Obfer. atNorriton. 

The difference is, 52 

The inter. coiuaS was at 2. 37. 34 by the mean of 4 Obfer. at Philadelphia, 
And at - - 2. 36. 34. by the mean of 3 Obfer. at Norriton. 

The difference is i. o Therefore 
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Therefore the mean of both thefe makes the difFerence 
of our meridians ^6 feconds of time, which muft certainly be 
more accurate than what is deduced from a few correfponding 
Obfervations of the eclipfes of Jupiter's fatellites ; both becaufe 
they afford 24 comparifons, all nearly agreeing among them- 
felves, and becaufe thefe Tranfus, in the judgment of moft 
aftronomers, afford the beft opportunities of fettling the lon- 
gitudes of places. Hence if we add 56 feconds to the time of 
the Norriton Obfervations of the eclipfes of Jupiter's fatellites, 
they will be reduced to the meridian of our Obfervatory in 
Philadelphia, and may be ufed in fixing our longitude from 
Greenwich, in the following manner. 



rhe calculated Time per Nau- 
tical Almanac. 



D. h. 

I iT6j,May^O, I 5 

7a«#I3, 14. 

1768. Mar. 1,14 

April 9, I 5. 

25' '3- 
May 12, 15 

ij6g.fei, 16. 19. 

16,19 

20, 20. 
23,21. 
23, 21. 

Mar. 17, 17. 
Jprii 3; 19. 

10, 21 

11, 14 

iz, 16. 

12, 16. 

Maj J, 16. 
S, 16. 

21, 16 
June 6,15. 

7.'3- 

7 '3 

13' 'V- 

22,13. 

29.15 

Aug. 23, 12. 

Set't. 11. 12. 



tn. fee. 

16. loEm. I/?. 

17. 37Em. 2d 
48. 241m. ijl, 
36.34Etn, Ijf. 
57.46Eni. i//. 
34 iiEm. 2d 
22. zglm. ly? 
22. 29ini. ly? 
42. 55lm. 2i/. 
16. 35 'm. \Jl. 
i6.35lin. \Jl. 

46. 4lin. 2d 
5 1 . 241111 lyf 
5'. 24101. \Ji 

47. i4lin. !_/?, 
50. 4lm. 2d. 
16. 13'm. I/?. 
j6. i3lni. ly?, 
31. 2olni. iji 
3i.2oIin \ft. 
?6. 49Era 17? 
12. 59Em I/?, 
45 I 3 Em. zd. 
45. 1 jEm 2d. 

6. 3 I Em 17? 
28. 3oEm.i/. 
22. I lEm.i//. 
15. -tgEm.i/i'. 
41:. loEm. 2d. 



The obferved 

Time at 

Philad. 

D. h. m. fee. 

30,10. 15.32 

13, 9. 18 6 

I, 9.46 49 

9,1037. 2 

25, 8.56 50 

12, 10.33. 9 

16, 14. 21. 51 

20,15.42. 1 
23, 16. 16. 21 

17, 12.45.21 
3,14.50.48 



11, 9 49. 14 

12, u. 15.49 

5, 1 1.30. 28 



7. 8 44- ■i? 



22, 8. 27.35 
29, 10.21, 55 
^3, 7. 15.4s 
1^.7- 44 4> 



The Norrittm 
Ob. red.iothe 
Mer of Phil. 
D. h. m, fee. 



16,14.22. 6 
23,16.15.57 



3.«4'50-2' 
10, 16.46, 56 



12,11.15.33 

5, 11.30.23 

21, 1 1. 56. 9 

6, 10. 12 28 

-, 8.44.39 
'3' 12. S 57 



5. 
5. 
S. 
5. 
5. 
S. 
5. 
5. 
5. 
S. 
S. 
5. 
S. 
?. 
5' 
5' 
S' 
5' 
S 
5. 
5. 
5> 



38 

36 

3 
18 

50 

o. 24 

o. 40 
o. 52 
o. 57 
o. 40 
o. 31 
o. 36 

o 34 
o. 34 
o. 55 
o. 16 

O. I 

o. 29 
Now 



Th9 Diff.' o'l 

Mer. ofGr. 

and Phil. 

D. h fee 

5, o. 38 

4. 59* 3» 

5. •■ 35 

4. 59- 32 

5. o- 56 
I. 2 
o. 38 
o. 23 
o. 54 
o. 14 
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Now if we take the mean of all the 2 1 foregoing determina- 
tions of our longitude from Greenwich, by the eclipies of the 
firft fatellice, rejefting only thofcx>f March ift, and April 9th, 
1768, which differ moft from the others, the refult will be 
5h. o . i^" for the difference of our meridians. Thcfe ought 
evidently to be rejeded, as they differ near twice as much, 
from the mean of the reft, as any other of the determinations 
do, yet the retaining of them will make no difference in the 
refult. If the mean determination of the longitude be taken 
from the immerfions alone, rejefting that of the ill of March, 
1768, it will be 5*". o'. 36''', and if trom the emerfions alone, 
it will be 51'. o'. 34'*', when the Obiervauon of the 9th of 
April, 1768, is excluded. Therefore the mean of both, 
(which Ihould always be preferred,) is 5**. o'. 35''. 

As a farther confirmation of this conclufion ; if this dif- 
ference of meridians be applied to che Greenwich Obfervations, 
of tl e firft fatellite, rejedling that of the i6ih of May, to re- 
duce them to the meridian of Philadelpliia, an ; if they are then 
compared with the calculations in the Nautical Almanac ; we 
(hall have the fame refult from them alfo. 



The calculated Time per Nau- 



GreenwicTi Obf. re-DifF. of Meridian of 



tical Almanac. 




duced to the Merid. 


Greenwich and 








of Philadelphia. 


Philadelphia. 


1769. D. 


h. m. fee. 




D. 


h. m. fee. 


h. m. fee. 


Mar. 29, 


I 2. 24. i6 Im. 


ift. 


29, 


7- 24. 32 


4' 59- 54 


Jfril 1 2, 


16. 16. 13 Im. 


iji. 


12, 


II. 15. 38 


5- 0- 35 


28, 


14. 36 14 Im. 


i/l. 


28, 


9. 34. 42 


5. ,.32 


Junt 8, 


9 41. 56 Em. 


xft. 


8, 


4. 40. 41 


5. 0. 45 


IJ. 


11. 34. 5; Em. 


■A- 


'5- 


6. 34. 58 


4- 59' 57 


July I. 


9. 50. 37 Em 


xft. 


•I, 


4. 49. 49 


5. 0. 48 


April II, 


14. 50. 4 Im. 


2J. 


II. 


9. 49. 48 


5. 0. 16 


May 6, 


11. 51. 45 Im 


2d. 


6, 


6. so. 27 


5 1 . 1 8 



The mean of thefe determinations of the longitude, from the 
Greenwich Obfervations of the firft fatellite, is 5^. o'. 35*. But 
farther if we take the mean of all the determinations, derived 
from the eclipfes of the fecond fatellite, it will be found to be 
5^. o'. 37*. And laftly, if the mean of all the determmations 
from the eclipfes of both firit and fecond fatellite be chofen, 

the 
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the deduced longitude will be 5^. h'. 35'''. So tKat we may 
fafely conclude, that the diflference of meridians between Phi. 
ladelphia and Greenwich, is 5''. o'. 35*. ; and that Norriton 
is gS'^ of time weft of Philadelphia, and its longitude is 
5''. 1'. 31*'. weft. With this determination we "muft be con- 
tented until farther obfervations are made, by which it may 
be confirmed, or rendered liable to exception. 

These Obfervations are fufficlent to determine every thing 
relative to the theory of Venus, and the parallaxes of the Sun 
and planets, as may be fcen by the annexed projedion of the 
T'ranfit, and the following calculations. Altho' the parallax 
of the Sun may be obtained from the obferved neareft dlftance 
of the centers of the Sun and Venus, yet this method cannot 
be fo much depended on, as the comparifon of the contacts of 
the limbs obferved in proper places, where the abfolute dif- 
ference of time is confiderable. Nevcrthclefs, as the public 
feem very impatient to know the reUilt of" what was done in 
this place i I have endeavoured to deduce it from our Obfer- 
vations alone -, and flatcer myfelf, that, in the cone ufion, it 
will be found pretty accurate •, as it is nearly the fame, with 
what I had before found it to be, by an hundred and forty 
determinations of it, from the Obfervations of Aftronomers 
Oft.theTranfit of 1761 •, and alfo from another method, the 
invention of the celebrated Mr. Stuart, of Glafgow ; both 
which I have now annexed to the following calculations. 

Having thus collefted together all the elements neceflary 
for the enfuing calculation -, before I proceed to it, I muft, in 
juftice to Dr. Williamfon and Mr. Prior, obferve, that of the 
Micrometer mealures, the 2d, 3d, 19th, aoxh, 21ft, 22d, 23d, 
a4fh, and 2 5rh weie made by Mr. Prior, and the 35th, 43d, 
44ih, and 54i:h by Dr. Williamfon, with the fame adjuftmeat 
ot the focus, that 1 ufed in the others., 

I HAVE taken the trouble of making above fifty determina- 
tions of the middle of the Tranfit, and find from a mean of 
i;hem, that the neareft approach of their centers was at 
5h. 21'. 27' mean timci or 5^ 23'. 4.k'',y apparent time,. wJiich 

was 
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was haftened by parallax 4'. 48^ at Philadelphia ; and there- 
fore, that the central apparent time of the middle of the Tran- 
fit was 5''. 28'. 29'', 7, according to our meridian. 

By comparing together eighteen determinations of the near- 
eft diftance of the center of the Sun and Venus, I find the 
mean of them to be 10''. 3^,58, as feen in Philadelphia. But fhe 
was then deprefled 6," 91 by parallax; and therefore, the geo- 
cent. neareft diftance of the centers was 10'. 10", 49 =610", 49. 
Therefore fay. 

As 72626,45 the dift.of ? from© : 28879,55 ^" ^^^' froiaQ ::6io'',49 r 
helioc. did. of their centers. 
4. 861,0949 
4. 460,5904 
z- 78;.6785 
7. 246,2689 



2. 385,i74.o=242",7583=4'. 2",7583 the helioc. dift. of theircent. 

As S, 3°. 23'. 20" the incl. of ? orbit to thcedip. : R : : S, 4'. 2'',758 ; 
Sine of ©'o dift. from the node of ? . 
8. ;7i,68o3 
10. - - - 

7. 070,2506 

3. 298,5703=1°. 8'. 20'', 23 ©dift. from the node of ? 

As S, 1°. 8'. 2o",23 : R : : S, 10'. io'',49 '• ^> °f '*>* *"S'^ of her vifiMc 
path with the eclip. 

8. 298,5703 
10. - - . 

'/• 470.96^3 

9. 1 72,39205= 8°. 33'. ii'.S the angle of her vifible path. 

IfAB reprefent the horary motion of© = 2,'392375. See PI. IV. Fig. zd. 
BAC the inclination of the orbit of ? with the ecliptic=:3"'. 23*. 20 ' 
DBCthe angleof ? vifi. path with the eclipt.=8o.33.ii ,5 

Then AC will reprefent the horary motion of ? and may be found by the 
following proportion ; 

As S, A C B : A B : : S, D B C or A B C : A C. 

AsS, 5°. 9. 5. ",5 : 2',3922357 : : S, 8?. 33'. ii",5 : the hor. mot.of? 

8. 954,3008 
o. 378,8292 

9. 1 72,3920 

o S96,9204=3',9S2942=!237'",I765Z the hor. mot, ? whofe 
log. is 2. ZJ 5,0716. ^^ 
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9T6,6;=the diff. oi the femidiameters of O *»<l 9 

6io,49=3the geo. nearefl dill, of their centers. 



Sum, 1527,14=3. ib^,8ySg 
Diff. 306,16=2. 485,9484 

5. 669,8273 the log. of the fquare of half the tranCt line 
between the internal contafls. 

2. 834,91 36=the log. of half the tranfit line between the 
2. 375,07 1 6=thelog.oFS hor. mot. [int. cont.=683",776 

o. 459,84.2o=z*>. 882982=2'!. 52'. 58",7=the femidu- 
ratien between the int. contadis. 

974,65=the fum of the femidiameters of O and ? 
610,493 the geo. neateil dili. of their centers. 

Sum, 1585,14 3. 200,0677 
Diff. 364,16 2 561,2922 



5. 761,3599 

2. 88o,6799=thelog.ofhalf the tranfit line between the 

2. 375,07i6=:thelog.i<f ? hor. mot. [ext.co.=759'',766 



o. 505,6083=311. 20338=3h. 12', 12 ,i68=the femida> 
ration between the ext. csntatts. 

As R : Sec, 8°. 33'. u",s : : dio",49 : geo. latitude of J 
10. - - - 
10. 004,8572 
2. 785.67»5. 
2. 79o,53S7=6i7"»3Sd=«o'. "7''.33^=**g«0''*''<'f 8 

As 72626,45 : 28879,55 : : geo. lat. : hel. lat. of | 
4. 861,0949 
4. 460,5904 
g- 790'$357 
7. 251,1761 



2. 39o,o3i2=24s",488s=4'. s'',4885=:thehel. l«t. of f 

610,49 
_^.'7.3Sl 
1227,816 3. 089,1440 
96,866 o. 836,7038 

3. 925,8478 
I. 962,9239 
a. 375,o7i6==thelog.ofhor.inot. of J 

9. 587,8523=oh.j87i26=»j3'.i3'',6536=sthe dme 
between the middle and eclip. conjonfUon. 

I From 
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From the apparent time of the middle of the Tranfit, viz. 
5*'. 28'. 29^,7 deduft 23'. 13", 65, and the apparent time of 
the ecliptical conjunftion will be 5''. 5'. 16^,05, when 
the Sun's place given in thei Nautical Almanac was 
2'. 13°. 27'. i8^7j making the difference of our meridiaa 
from Greenwich 5''. o'- 35^ as found above. To his place in 
the ecliptic add his diftance from the node of Venus, found 
above, viz. i". 8'. 20^,23, and the fum gives the place of her. 
afcending node, 2*. 14*. 35'. 38",9. 

From the middle of the Tranfit, as feen at the center of the 
earth, viz. 5*'. 28'. 29',7- apparent time, deduft the femidura- 
tion between the internal contads, viz^ 2''. 52'. 58^,7, and 
there remains 2^ 35'. 31' the apparent time of the firft inter- 
nal contad, without parallax. This I obferved at 2''. 31'. 26" 
apparent time >. the difference between thefe is the total effe(5h 
pf parallax in longitude and latitude, which is 4'. 5'*'. But 
upon the fuppofition that the Sun's horizontal parallax, on the 
day of the Tranfit. was 8''',5204, the total efFe£t of parallax 
fhould have been 4'. 4^. Therefore fay, 

As 4'. '''4.=244' : 4^. 5"=^45" : : 8*,5204.-. ^^SSS^^ 
the hpr. par, of the Sun on June 3d, 1769. Then 

As iooooo = his mean dift. from the earth : iOT5o6=his 
dift. on the day of the Tranfit, '.:.&", 55$: 8^6838 his hori- 
zontal parallax at his mean diftance from the earth. 

This is nearly the fame, with what is deduced from the beft 
of the Obfervations made on the Tranfit of 176 1 : And ac- 
cording to this parallax of the Sun, the, mean diftances of the 
planets from tlie Sun will be, as they areexhibiied in the fol- 
lowing tabic, taking a mean femidiameter of the earth 3985 
Englifli miles, 

36693417 Mercury's 

68564850 Venus's ^ 

94790550 the Earth's /Mean diftance from the Sun, in 
14.4.4.^1400 Mars's • Englifli miles. 

493005300 Jupiter's \ 
904307200 Saturn's -^ 

On 
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Ok account of the diflicuUy of afcertaining the precife mo- 
ment of the middle of the Tranfit, from the metvfurations of 
the neareft diftaoces of the limbs of the Sun and Venus, and 
thefmalldifferenceof time between the .contadls happening, at 
the center of the earth, and at any particular place on itsfurface-, 
Aftronomers have generally preferred the comparilon of two 
Obfervations at proper places, where the effefts of parallax will 
be contrary to each other, retarding the contadts at one place 
and accelerating them at the other, for the purpofe of deducing 
the parallax and diftance of the Sun from them. We have an 
opponunity of confirming the former conclufions, by com- 
paring our Obfervations with thofc that have been made at the 
Royal Obfervatory at Greenwich, as they have lately come to 
hand. They differ indeed confiderably among themfelves, pro- 
bably owing to the various methods, which the Obfervers took 
tojudge of the contacts, the account of which is not yet ar 
rived here-, yet they give a mean parrallax of the Sun nearly 
the fame that we have deduced from our own Obfervations at 
Philadelphia. I have therefore inferted them in this account of 
the Tranfit, as they ferve to Ihew that we have not loft our la- 
bour and expence on this occafion. The method I nave ufed is 
firft to reduce the Greenwich Obfervations of the contafts to 
the meridian of our Obfervatory in Philadelphia, by dedufting 
from them the difference of longitude converted into time -, 
and then to calculate the effefl of parallax for both places at the 
apparent times of the contafts, upon the fuppofition of the 
Sun's horizontal parallax being 8 '^5204 on the day of theTran- 
lit. From this, the Sun's horizontal parallax is found either 
greater or lei's, as the calculated cffe<Si: of parallax is greater or 
lefs, than what is obferved. 

The parallax of Venus in longitude at Greenwich, at the 
time of the firft external contaft was i6''\^, which haftencd 
the contaft there 4'. 16", 5, and her parallax in lat, at the fame 
time was, ii'^gy, which depreffed her on the difcof the Sun, 
lengthened her vifible path, and accelerated the contaft 
2'. 34-"i5i fo that the total effedt of her parallax was to haften 
thccontad 6'. 51'' of time. In like manner her parallax in 
longitude at the internal contact was i6",6, which haftened 

I 2 it 
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it 4-'. 12' ot time; and her parallax in latitude being 13^42 
at that time, for the fame realon haftened the faidconta(5t2'. 4.0'; 
and therefore the total effed of parallax to accelerate the interr 
nal contadlat Greenwich is 6'. 52*. 

At Philadelphia her parallax in longitude being 10^,74 at 
the external contaft, haftened it 2'. 43*'; and her paiallax ia 
latitude being 4''',43, lengthened her vifible path on the Sun 
and haftened the contact 53'' of time^ whence its total effeft was 
3'. 36* of time. In like manner her parallax in longitude at 
the internal contaft being ii",g5 haftened it 3'. 1" of time, 
and her parallax in lat. being 4'''',49 lengthened the tranfit line, 
and haftened the contaft 1'. 3' ; and therefore the total efFeft 
of her parallax at that time to haften the internal contact was 
4-'. 4'. 

Now as the total effedl: ot parallax both at' Greenwich and 
at Philadelphia confpired to haften the contacts at both thefe 
places, with refped to the center of the earth, their difference 
is the whole efFed they have on abfolute time, viz. 3'. 15" at 
the external contad, and 2'. 48'" at the internal contaft. 

The contads were obferved atGreenw. at the apparent times 
mentioned in the following table, according to their meridian. 
Extcr. Contaft. Int. Contaift, 

h. m. fee h, m. fee. 

7. 10. 54 7. 28. 47 by Hitchins. 

7. II. II - _ _ . Hirft. 

7. 10. 37 7. 29. 28 Dan. 

7. II. 19 7. 29. 20 Dolland. 

7. II. 30 7. 29. 20 Nairne. 

7. 10. 58 7. 29. 23 Mafkelyne. 
These times are reduced to the meridian of Philadelphia, by 
uihftradling 5''. o'. 35''' from them in the following manner. 

Exter. Contaft. Int. Contaft. 

h. iw. fee. h. m. fee. 

2. 10. 19 2. 28. 12 by Hitchins. 

2. 10. ^6 - _ . . Hirft. 

2, 10. 2 2. 28. 53 Dun. 

2. 10. 44 2. 28. 45 Dolland. 

2. 10. 55 2. 28. 45 Nairne. 

2. 10. 23 2. 28. 48 Mafkelyne. 



M. of all is, 2. 10. 30 2. 28. 40,6 Ths 
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The mean of all the times of the external conta£ks at 
Philadelphia is 2\ 1,3'. 46*',6, and of the internal contafts 
a**. 31'. 28^ as appears by pag. 51, and the difference be- 
tween thefe means is the obierved effeft of parallax, 
h. m. fee h. m. fee. 

2. 13. 4646 2. 31. 28 at Philadelphia. 
2. 10. 30 2. 28. 40,6 at Greenwich. 

3. i6,6 2. 47,4 the obferved effeds of 

parallax, at the ext. and iht. contads. Therefore fay. 

As 3'. 15^=195''' the calculated effedt of parallax at the ex- 
ternal contadis to 3'. 16*^6 = i^6",6 : : So is the affumed ho- 
rizontal parallax of the Sun on the day of the Tranfit 8''',5204 : 
to his true parallax on that day. And m like manner, as 
2'. 48'''= 168"' : 2'. 47^4= 167^4 : : 8^5204 : the Sun's par 
on that day. 

a. ^90,0346 3. 225,3093 

3- 293,583s 2. 223,7555 

o. 930,4600 b. 930,4600 

3. 224.0435 3. 154.2155 



a 934,oo89=8'*,5903i OhoT'par. o. 928,9o62=8",48997 © hor. par. 
»"48997 
2) i7",o8o28 



fr' ',54014 the mean hor. par. of ©on the day of the Tranfit. 
As looooo : 101506 : : 8'''',540i4 : the Sun's horizontal 
parallax at his mean diftance from the earth. 
5. 000,0000 
5. 006,4917 
o. 931,4650 

o. 937,9567= $''',66875 the Sun'shor.par. at hlsmean 
diftance from the earth. 

The parallax of the Sun being fixed by the mean of fuch 
comparifons as thefe, it is an eafy matter to afcertain not only the 
diftances of the bodies, which compofe the folar fyftem, but 
alfo their real diameter? •, that of the earth being previoufly known 
from the adtual menfuration ot fome degrees on its furface. For 

As the reftangle of the parallax of the Sun, and his diftance 
from the earth, is to the real diameter of the earth j fo is the 
redan gle of the parallax and diftance of any other planet from 
the Sun, to its real diameter. 
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3fs to my delineation of the Tranfit ; / have taken the elements of 
the pro) eSlion from our own Obfervatiom on the ^d of June, 
1769. Plate 4, fig. 2. 

TH E neareft approach of the centers having been deternnin- 
ed,from the mean of a great number of computations, and 
found to agree very nearly with the meafurcs that were adlual- 
ly made at the middle of the Tranfit, it was accordingly fet off 
on the diameter of the Sun, and thro' this point a chord was 
drawn at right angles to the faid diameter for the central tran- 
fit line. This was then divided carefully into hours and mi- 
nutes, according to the horary motion of Venus, determined 
.by the preceeding calculation, in fuch a manner, as that the 
cxadl moment of the middle of the Tranfit, at the earth's center, 
Ihould fall on the point of interfeftion between the faid dia- 
meter of the Sun and tranfit line; this moment of time having 
been previoufly determined, by the mean of a fufficient num- 
ber of computations. 

The parallaxes of Venus, in longitude and latitude, as feen 
from Philadelphia, having been alio adapted to the apparent 
times of the micrometer meafures, on the luppoficion of the 
Sun's horizontal par. being 8 '''',5204 on the day of the Tran- 
fit, they were accordingly applied to the projeftion, by which 
the places of her center were determined for the faid times. 
Round thefe, fmall circles were drawn, with the radius of 29 
feconds, to reprcfent the difc of Venus on the face of the Sun ; 
and lines were drawn between the limbs, in the direcftion of 
their centers, of luch a determined length, as the micrometer 
has given them. Many of the meafures were taken from the 
fartheft limb of the Sun, as well as from the neareft, to both 
Jimbs of Venus, and thefe meafures were afterwards reduced to 
the neareft diftance of the neareft limbs, as they are exhibited 
in the preceeding Table, ufing the diameters of the Sun and 
Venus, as they are ftated above. 

As a confirmation of the foregoing conclufions, I have fub- 
joined the Obfervations of Aftronomers, in different places, of 
the contafls and durations of the Tranfit of 1761, as they 
have fent them to the Royal Society, together with the longi- 
tudes and latitudes ot the places of Obl'ervation, on which the 
following calculations depend. Obser- 
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OBSiiRVA riONS 
June 6th, 

N-Tm.ofPlacesjiftEx.Con 



ontheTranfit of Venus over the Sun, 
176-1, N. S. Appar. Tim«, 

ill In. Com. zdIn.Con.\ id Ex. Con. | Duration 



Greenwich, 
Shirburn caftle, 
Saville houfe, 
Spittal fquare, 
Chelfea, 
Leflcard, 
Paris, 

Bologna, 

Rome, 
Drontheim, 

Upfal, 

Stockholm, 
Hernofand, 
Calmar, 
Abo, 

Tornea, 

Cajaneburg, 
robolfld. 
Cape G. Hope, 
Rodrigues, 
Calcutta, 
Madrafs, 
Tranquebar, 
Great Mount, 



h. m. fee 



3.20.45 
3.20.40 



J. 45.4.4 (f 
'oci S 



7.31.10 



}>7~m. fee. 



3- 37-41 ) 
to 56 [. 

3-38. S > 

3 30 2Jt02C, 
3.38.261035 

3-33- I 
3.55.50 

4. 4. o 

4.19. 5 
7. o;28 



8.20.58 

7-t7-S5 



h. m. fee 
8.19. o 
8. 15.12 
8.18.22 
8.18.41 
8.18. 4 

8. 0.21 
i.28.27 

9' 4-S7 

9. 9 36 
9. 1.49 

9.28. 6 

9.30.10 
9.28152 
9.23.^0 
9-45-S9 
9 54- 8 ^ 
to 22 S 
10. 8.59 
12.49. 20J 
9.39.50 
12.35.47 
14.M.34 
13.39.38 



h. m. lee. 
8.37- 9 
i'.33. 17 



8.46.44 
9.23. o? 
to 7 5 



9. 46. 13 > 
tojoS 

9.46.43 
10. 4.42 

10. 12. l8t022 

'3- 7 39i 



2.- 53- '8 

4.27,38 

3-SS'44 



h. ni. fee. 



5*. I 
to 26 



5.50.4it047 
5.50. I7t026 

5- SO- 39 
5.50. 9 

5.50. 9t02I 

5-49-54 
5.48.50 



5.50.36 
S-5'-4J 
5-S''3J 
5 5'-zo 



N.ofPlacesi Latitude 



Longitude 

ft. Greenw. 



IN. of Places 



Latitude 



Greenwich,, 
Shirb. caftle, 
Sav. houfe, 

iSpit. fquare, 
Chelfea, 
Leflcard, 
Paris, 
Bologna, 
Rome, 
Drontheim, 
Upfal, 
tockholm. 



28. 37N 
39. Z2N 



26. 55N, 
50. 14N. 
29. 36N. 
53-54N. 
26. loN, 
5i,5oN. 

20. 30N. 



h m. lee. 
o. o. o 
o. 4. I W 

o. 3. 31 E. 
o. o 16IW, 
o. 0.40 W 
0.18,32 W. 
jo. 9. 16E. 

'6.45. 21 E. 

0,49.53 E. 

.0.44. jE. 
1. 10.26 E. 

'(.12 26 E 



JETernofand, 
Calmar, 
Abo, 
Tornea, 
Cajaneburg, 
robolflti, 
C.'G. Hope, 
Rodri^uei, 
Calcutta, 
Madrafs, 
Tranquebar, 
Gr. Mount, 



'• 
60. 38. 
?6.-40. 
60. 27. 
65,50. 
64.13. 
58. 12. 

33-5?- 
19.40 
22.30 
13. 8 
10. 56. 



oN 

30N 

oN 

50N 

30N 

22N 

42 S 

40 s. 

oN 

oN 

oN 



Longitude 
fr. Greenw, 

h. m. fee. 
1. 11.28E. 

I J.39E. 
i,28.33E. 
I. 36 48E. 
1.51. 50E. 

4.32. 52E. 

..13.35E. 

12.34E. 

53-44S. 
20. loE. 
18. 8E. 
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llThe Parallax of tbi SUN, deducedfrom the id Interned Cental' tftht Limbs o 
the SUN and FENUS, in tkeTranfit of i-]6l. 



CapeofG.Hope, l^LtJkard. 

l'ara)l 

h. m. fee. ' " 

1 9^ 39- S^Cape, 6. 8 

\. jz. 7 DiiF. Long. 



9- 39' 

1. 4- 


5° 
>9 


8- 35- 
8. 28. 


3' 



i. 



7- 
o. 



43 ^ 
21 Lejk. 



I. 

7- " 7" 

Is 7.12: 7.22 : : 8 
G's Par 8"% 69 



_4 
12 

'■5 



Caps iff Saville Hcuje 
9. 39. 50 6, 8 

I. 14 1; 



25. 45 
1.22 OiJi; 



I . 

7. 23 7. 

Sun's Par. 8.^7 



1 1 



Ca/« ^ Par//. 



7- 4 
Sun's Par, 



Ol_54 
7. 2 

8.;4 



9. 39. 50 6. 

o. 23. 42 



16. 
9- 



8 
36 



o. I 3 



632 6. 2 I 

Sun's Par. 8,74 



C/J/^ £if Hernpfand.- 
9. 39. JO 6. 8 

o 2. 7 



37- 
28. 



43 
52 



2. 26 



8. 51 8. 34 

Sun's Par. 8,78 



+; 



Cape i5f Tornea. 
9. 39. 50 6. 



rO. 3. 



8. 5.5 9. 

Sun's Par. 822 



8 



•3 



::«/< y Sherbume Cajlle, 
Parrali. 
Ii. m. fee. 

9. 39. i;o 6. 8 

1 . 17. %S Diff. Long. 

8. 22. 14 

8. I c. 12 W/r^. I. 12 



7. 2 7. 20 

Sun's Par. 8 ',1 j 



Cape & Spinal Square. 

9 39- 50 ^- ^ 

« >3- S» 



8. 25. 
8. 18. 



59 

41 Sp 5f.i. 



II 



7 18 7 

Sun's Par. 8,47 



>9 



Cape y CMfea. 

Farral 
m. fee. 

39. 50 6. 8 

'4- 'S 



5- 
18. 



34 
4 C^. 



7. 30 
Sun's Par. 



1 1 

•9 



.73 



C<»«« {5* Greea-uicA 
9. 39 50 6 8 

'• M ^; 
8. 26 15 
8. 19 o Green, r . 11 



7- '5 
Sun' Par 



7 '9 

8,42 



Cape y DroHtheim. 



39- 50 
29. 32_ 

10. i3 
I. 49 



2 38 



Ca/^ is Bologna. 
9. 39 JO 6 

o 28. 14 



1 1. 

4 



36 

<;7 



o. 29 



8. 29 
Sun's Par. 



8. 46 
8.23 



o 39 6. 37 

Sun's Par. 8,^4 



Cape i^ Catmar. 



39- 
7- 



56 



6. 8 



3>- 54 

~8. 14 

Sun's Par 8,62 



Cape i^ Stockholm. 



0. 


39- SO 
I. 9 


9- 
9 


38. 41 
30. 10 



18 



8. 31 
Sun's Par. 



8. 26 
8.58 



Cape y Cajaneburg. 



9- 
+0. 



39 
38. 



11 



18, 

8 



s 



6. 8 



59 



9. 6 
Sun's Par. 



9- 

8-49 



Cu^e i^ Upjal. 



39' 
3- 



5° 
9 



3^- 
28 



4' 
6 



6. 8 



2. 2 I 



8. 35 8. 29 

Sun's Par. 8,60 



C"«/« £if ./f^e. 



9- 39- 
+0. 14. 



5° 
58 



54' 

45' 



48 
39 



8 49 
Sun's Par. 



2. 38 
8. 38 
8,68 



Cape iS 'loboljki. 
9 39- 50 6 8 

3- '3-. '7 



59 
49- 



7 
20 



3- 35 



9- 47 9- 43 

Sun's Par. 8,64 

Cape 
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Capi ISMadrafs. 

Parall, 



'1 lillliii — 



h. m, fee. 
9. 39. 50 
4^ 6. vi 

2? 



46. 
39- 



?3 



o. !?6 



6. 47 6. 44 

Sun's Par. 8" ',74 

Roirigues l^ Lejkard. 



'• 4 



12. 


35- 


47 


4- 


3'' 


6 


8. 


4- 


4' 


8. 


0. 


21 



4. 10 

Sun's Par. 



4- 1 1 

8.80 



Rodriguet i^ Savilli houji. 



35- 
«3- 



47 

4 



22. 
18. 



43 
22 



7 



t. II 



4. 21 
Sun's Par. 



4. i^ 
8,60 



RoJrigues l^ Paris. 



12. 

\- 
8. 32. 
8. 28. 



IS- 
3- 



47 
jj 

29 

«7 



<>• 54 



4. a 
Sun's Par. 



4- 
8,n 



12. 



Rodrigut! is Rome. 

3- 7- 



35- 

2<2. 



47 

41 



6 
36 



•3- 

3- 30 
Sun's Par. 



»3 



3. 20 
8,92 



Rodrigues H HtrnoJ'and. 



12. 
3L. 
9- 34- 
9- 



35- 
I. 



28. 



4« 



2. 26 



C«f « ef Calcutta, 

Parall, 



m. 

39- 
40. 



fee. 

5° 
9 



4- 
14. 



19. 
I I. 



59 

'4 



'4 



8. 25 
Sun's Par. 



22 



8' 



Lii. 



Capi.ti Roariguej. 

ParaH 



h. W. fee. 
9. 39. so 

2- 58- 59 
12. 38. 49 

'z- 35- 47 



6. 8 



Rodrignei {3 Shtrhurn caji. 



3- 2 3- 
Sun's Par. 8''.;4 



12. 

8. 
8. 



16. 



47 

35 



12 
12 



4. O 

Sun's Par. 



J. 12 
4. 19 

8,00 



Rddriguei iff Sfittal /quart- 



1. 1 1 

4. J 8' 

8.44 



12. 


35- 


47 


4- 


12. 


;o 


8. 


22. 


57 


8. 


18. 


4» 




4- 


16 




Sun's Par 


Rcdrigues W i 


12. 


35- 


47 


3- 


28. 


3' 


9- 


7« 


16 


9. 


I. 


-45. 



5- *' 
Sun's Par. 



3- 7 

5- 45 
8.0; 



Redtigues y Calmar, 



I 2. 
3- 



6. 



47 
55 



28. 
23. 



5* 
40 



59 



5. 12 
Sun's Par. 



8,67 



Rodrigues y Stockholm. 



12. 

3- 



35 
o. 



47 
8 



35- 

20. 



39 
10 



18 



5- 49 



5- 33 



Sun's Par. 8,go 



5. 29 
Sun's Par. 



Rodrigues^ Cheljta. 
>2- 35- 47 3- 7 

4- '3- '4 



8. 22. 33 
8. 18. 4 



II 



4. 29 4. 18 

Sun's Par. 8,86 



Rodrigues IS Greenwich. 
12. 35. 47 3. 7 

4- "■ 34 



8. 23. 13 
8. 19. o 
47T3 



I. II 



4- 18 
Sun's Par. 8.33 



Rodrigues tS Bologna. 
12. 35. 47 3. 7 

3- ^7- '3 
9. 8. 34 
9- 4- 57 



o. 2 9 
3- 36 



3- 37 
Sun's Par. 8,54 

Rodrigues (S U//aI. 
12. 35. 47 3. 

3:_ *•_, ^. 

9- 33" 39" 
9. 28. 6 



5- 33 



2. 21 
"28 



5 



Sun's Par. 8,6z 
Rodrigues (S Abo. 



•2- 35- 47 
2. 44. 1 



9. 51. 46 
9- 4S!_59, 
5- 47 



3- 7 



z- 30 



... 5-37 

Sun's Par. 87^ 

Rodrigun 



C 7° ] 



Parall. 



3- 



Ih. 


m. 


fee. 


I.. 

f 2. 


35- 

35- 


46 


10. 


0. 


I 


?: 


S4- 

„5- 


8 
S3 



3- ; 



b. 12 

San'a'Par. 8*^,07 



Rotiriguts l!f Calcutta, 

^^^ 35- 47 3- 7 

i 1. 41. 10 



^. 14 



14. 16. s7 

■i:_i'-_3t 

5. 23 S. 21 

Sun'i P ar. 8, 55 

Tobol/kiii Chel/ta. 
12. 49. 20 3. 35 

4. 33- 32 



Rtdrigttts Uf Citjantburg. 

Parall 



h. in. fee. 

12. 3;. 47 

2. 20. 44 

>o- >5- 3 

10. 8. 59 



3- 7 



6. 4 
Sun's Par. 8 ",45 



RoJriguti y Madrafs 
12. 35. 47 3. 7 

'• 7- 36 



u. 15. 48 
8. 18. 4 



I. II 



2. 16 2. 24 

Sun's Par. 8,02 



'libol/ii iS Green'wich. 



12. 49. 20 

4_32. 52 



8. 16. 28 
8._i9._o 
2. 32 



3- 3J 



I. II 



2. 24 
Sun's Par. 8,97 



7obolfii (^ Rome. 
12. 49. 20 3. 35 

3- 42- 59 
9. 6. 21 
9- 9 36 o. 13 



3. 1; 3. 22 

Sun's Par. 8,zo 



Toboljii y Stockholm. 
3- 35 



1 2. 49. 20 
3. ao. 26 

9 »«• 54 
9. 3°- 'o 
I. 16 
$un's Par. 8,3 



18 



13. 43. 23 
'3- 39- 38 



o. 3^ 



3- 45 3- 43 
Sun's Par. 8,58 



Toboljki (Sf Sa-ville houfi. 
12. 49. 20 3. 35 

4- 33- gg 



8. 15. s8 
8. 18. 22 



2- 34 
Sun's Par. 8,99 



Toboljki tlf Parii. 
12. 49. 20 3. 35 

4- '3- 3 6 
8. 25. 44 
8. 28. 27 o. J4 



2. 43 2. 41 

Sun's Par. 8,60 



Toboljki l^ Calmar, 



2. 49. 20 
3- V- '3 
9. 22. 7 
9- '3- 40 
I. 33 



3' 35 



Sun's Par. 8,23 



59 
"36 



Toboljki & Calcutta. 
12. 49 20 3. 35 

!■ 20. ;a 
1 4, 10. IT 
14. u. 34 



I. 22 



.'4 
21 



^ 



Sun's Par. 8,<Si 



12. 49. 20 3. 3J 

7- 57- 5^ 

8. o. 21 1. 4 

■ 2. 2! 2. 31 

Sun's Par. 8,16 
foboifif^ Ifiitaifq^e. 



Rodrtgui! y Toboljki. \ 

Parall. 

h. m. fee. • ' 

12. 3;. 47 3. 

+0. 20. 18 



12. 56. s 

12. 4 9. 20 

6745 



6, 42 



Sun's Par, 8 ,56 



49- 
33 



16, 
18. 



20 
9 



II 
4' 



3- !5 



I. II 



2. 30 2. 24 

Sun 's P ar. 8,8; 
Tobolpti & Bologna. 



49. 20 

_4Z:-3i 
I. 49 

_4-_57 

3- 8 



3- 3S 



3' 



29. 
6 



Sun' s Par. 8,59 



12. 


49. 
22. 


20 
26 


9- 
9- 


2U. 
23. 


54 
6 



3- 35 



2. 21 



I. »2 

Sun's Par 



1..14 
8,27 



Toboljki tif -Madiajs. 
3- 35 



12. 

o. 



20 
18 



30. 

39' 



38 
18 



o. 56 



3- o 
Sun's Par. 



2 59 
8.55 



Cttjanthurg 



[ 7> 3 



\Oajantburg & Sav, heufi. 

Parall, 

h. m. fee. ' " 

io. 8. 59 2. 59 

I. 52. 20 

'8776 39 

8. 18 22 



Sun's Par. 8,11 



1 1 

1 4d 



Cajaneburg (3 tans. 
to. 8. 59 i. 59 

1 42 H 



8. 20. 25 
8. 28. 27 



o. 54 



2 2 2. 5 

Sun's Par. 8,30 



Cajaniburg i^ Madrajs 

to. 8. i;9 2. 59 
3 28. 20 

•3- 37 '9 

'LJ9:_3? °- 30 

2. 19 2. 23 

Sun's Par. 8,27 



Stockholm Ssf Paris. 
9. 30. 10 2 18 

I J 3- J0_ 

8 2 7.'"'o~ 

8. 28. 27 o. 54 



1. 27 1. 24 

Sun's Par. 8,80 



Stockholm y Madrculs. 
9. 30. 10 2. 18 

4' '• 4+ 



'3 37- >4 
'3- 39- 38 



0^36 i 



Cajanth. \^ Spittal /quart. 
Parall, 

h. ro. fee. 
10. 8. 59 2. 59 

■ 5^- 7 

8. 16. 52 

8. t8. 4t 1. 1 1 



I. 49 I. 4 

Sun's Par. 8 ,58 



Cajar.'.bmg iSGreeniuict). j 



h. ni. fee, 

10 8. 59 

I- S' - ^° 

9 
o 



8. 17. 
B. 19. 



I. 51 



Parall 



2. 59 



I. 4S 



Cajaneburg (^ Rome, 
10. 8. 59 2. 59 



Sun s_Par. 8".74 

Cajaneburg is' Bologna 
2. 59 



9. 6. 52 
g._9. 30 
s 44 
Sun's Par. 8,33 



o- »3 
2. 46 



10. 


8. 


59 


I. 


6. 


29 


9' 


2 


30 


9- 


4- 


57 



O. 2P 



27 



2. 30 



Sun's Par. S,'?; 



Stockholm y Spittaljquare. Stockholm iff Greentukb. 



9- 


30. 


10 


I. 


. I. 


43 


8. 


'7- 


37 


8 


18. 


4« 



2. 18 



II 



9- 


30- 


10 


I. 


12. 


20 


8. 


17- 


50 


8. 


19. 






I. 



>. 7 



I. 10 



Sun's Par. 8,12 



2. 18 



I. n 
»■ 7 



Sun's Par. 8,88 



Stockholm iff Bologna. 
2. 18 



0. 29 

1. 49' 




1. 52 

Sun's Par. 8,73 



V/Jal £sf Lejiard. 
9. 28. 6 2. 21 

I. 28. 58 



59. 8 
o. 21 



I. 



I. 44 I. 42 

Sun's Par. 8,67 



V;>/al iff Paris, 
g. 28. 6 2, 21 

I I. 10 



8 26. 56 
8. 28. 27 



°- 54 



I. 13 I- 17 

Sun's Par, 8,06 



U/>/at iff Bologna. 



9. 23. 6 

°' ■';■ 5 



3- > 
4' 57 



I4S 



1. 31 I. 27 
Sun's Par. 8.89 j 



2. 21 



o. 29 
52 



Sun's Par. 8, -o 



Stockholm <S Rome. 
9. 30. 10 2. 18 

9- 7- 37 

9- 9 - 3*^ o. 13 

I. 59" 2." 5 

Sun's Par. 8,og 



VfJ'al iff Ha-viUe houji 
9. 28. 6 z, 21 

1. 10 56 



8. 17. 10 
8. 18. 22 



I. It 



I. 12 I. 10 

Sun's Par. 8.74 



Vpjal iff Rome. 
9. 28. 6 2. 21 

o. 20. 3} 

9- 7- 33 

9 9- 36 o. 13 

2. 8 



2- 3 

Sun's Par. 8,17 



K 2 



i7y«/ 
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1 , Upfal y Madrajs. 
h. m. fee. 

', 9 28. 6 2, 2' 

4- 9- 44 

ii3. 37. ;o 
Ij. 39. 38 0. 36 


Calcutta is Sawlk houJe. 
Parall. 
h. m. fee. 
14. II. 34 2. 14 

5- 54- 14 
8. 17. 20 
8. 18. 22 t. n 


Calcutta tj" Faris. 

Parall.! 
h. m. fee. 

14. II. 34 3. i4 
5. 44 28 ; 
8. 27. 6 
8. 28. 27 0. 54 


1. 48 I. 45 
Sun's Par. 8 ,74 


1.2 ••3 
Sun's Par. 8",37 


1, 21 I. 20 
Sun's Par. 8'',6i 


Calcutta i^ Bologna. 
14. II. 34 2. 14 
5. 8. 23 


Calcutta is Madrajs. 
14. II. 34 2. 14 
0. 33- 34 
13. 38. 
13. 39. 38 Q. 36 


Me is Lejkard. 
9. 45- 59 2. 30 
I. 47. 5 

7. 5$. 54 

8. 3 21 !• 4 


9. 3. II 

9. 4 57 0. 29 


I. 46 I. 45 
Sun's Par. 8,58 


1. 38 I. 38 
Sun's Par. 8,50 


1. 27 I. 26 

Sun's Par. 8,60 


Abo is Rome. 
9. 45. 59 2. 30 
0. 38. 40 


HirnoJ'and iS Rome. 
9. 28. 52 2. 26 
0. zi. 3J 


Calmur iS Madrafs. 
9. 23. 40 1. 59 
4. 14. 31 


9- 7- '9 

Q. g. 36 0. 13 


g. 7. 17 

9. 9. 36 0. 13 


.3. 3a. II 

13. 59. 38 0. 36 


2. 17 2. 17 
Sun's Par. 8,i;o 


2. 19 2- '3 
Sun's Par. 8,88 


I. 27 1. 23 
Sun's Par. 8,91 


Sherburne ts' -lornea. 

8. 15. 12 1. 12 
I. 40. 49 

9. 50. I 

9. 54. 8 3, 5 


Greerfvjuh <S Farii. 
8. 19. 1. Ji 
0. 9. 16 


(ireen'u.Lh ijf UJkard, 
8. 19. I. li 
0. i8. 32 j 

8. 0. 28 

8. 0. 2J !. 4 


8. 28. 16 

8. 2$, 27 0. ^4 


>• 53 «• S3 
Sun's Par. 8,;o 


17 17 
Sun's Par. 8,50 


7 7 
Sun's Par. 8,50 



duration of the Tranfit, as obferved in different places, in the 

follov/ing manner. 



tranquebar & Calmar. 

Parall 
h. in. fee. 



35 
39 



6. 24. 

7. II 



5+ . 57 

Sun's Pa r. 8 ',0 5 

Tranquebar & Cajamburg 
5. 51. 3^ 6. i+ 

5 49- 54- ?: L 



Tranquebar S? L^/i(.'. 
Para!!. 
h. rn. fee. 

5. 51. 33 6. i4 

5. 50. j6 7- 33 



Tranquebar df Abo. 

Paraii 

1). m. fee. ' " 

5. 51. 33 6. 24. 

5. 50. 9 7. 46 



1. 7 
Sun's Par. 



I. 

8-', J 5 



I. 39 1. 41 

Sun's Par. S.33 






Traiiquebar & Toholjki. 
5. 51. 33 6. 14 

;■ 4S- 5° 9- 3 

39 



^. 43 2. 

SiTn's Par. 8,67 



«. 24 
Sun's Par. 



I. 22 
.71 



MaJfaJs & Stockholm, 

$■ 5'- 43 6- 33 

5. 50. J.2 7. 34. 



I. I 

Sun's Par. 



8.50 



Mactrafs 



C 73 J 



Madraft St ierneaT^ 

Para II 

h. m. fee. ' " 

S- 5'- +1 6- 33 

5- so- 9 8-7 



ita 



Parall 
h. TO. fee. 

5. 51. ao 6. 33 

5. 50 9 7. 46 



■MMMI 



0! 



I. 34. 

Sun's Par. 8' 



I. 3+ 

l50 



Cajancburg cjf t/^«/. 
5. 49. 54. g. 5. 

5- 5°- ^^ ?• 33 



3» 3» 

Sun'i Par. 8.50^^^^ 



I. II 

Sun's Par. 



I. ij 

■'.i6 



Cajaneburg & Caimui . 
5. 49. 54 85 

5. so. 39 7. tr 



9-45 
Sun's Par. 



Grcitl Mount IS Toboljki. 

Parsll 

h. tn. <ee. ' " 

5. 51 10 

J. 48. 50 



2. jO 
Sun's Par. 



6. 33 

2. 30 

'.5" 



5. 48 5© 
5 5" 9 



^io. 



isKEiaasg-tfss^issi.: 




S,70 



The parallax of the Sun mayalfo be determined, by com- 
paring the times of the internal contafts, as obferved in vari. 
ous places, with the time of their happening as obferved at the 
center of the earth. For this purpofc the following elements 
are ufed, as they were calculated by Mr. Short, from the mea- 
fures made at the Tranfit in 1761, viz -, the diameter of the 
Sun3i^. 31'', the diameter of Venus 59'*', her horary motion 
3'. 59^,8, the angle of her path 8'. 30'''. 10, the neareft dift. 
of their centers 9'. 32'', and the diff, of their horizontal paral- 
laxes 2i''',35. Hence the ap. time of the ift and 2d internal 
contadls was 2h. 22'. 3''', and S''. 20'. 4^ reckoned by the 
meridian of Greenwich, without parallax, and the central dura- 
tion was 5^ 58'. i". 
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Central Time & Abo 
Parall 



Central Time & iornea. Central Time & Calmar. 



Parall- 



l' h. m. fee, 

I 3. 22. 3 
IP j_; 28 33 



I i 



f Central Time & !ri>i5#« 



50. 
55- 



7,D 



5. 14 

Sun's Par. 



o. o 

5 'S 

'.44 



h. m. fee, 

3 
48 



2, 2 '3, 

I. ■56, 



5' 

o 



I, 



22. 
32- 



3 

.52_ 

0. 54. 55 
7. o, zi 

S- 33 

Sun's I'.ir. 



5- : 



5- y 

Sun's Par. 8 ,69 



Central Time& Madrafs. 



22. 
20. 



3 

10 



4i. 

. 47. 

5. 4Z 
Sun i Pnr. 



'3 

55 



5- 57 

8,14 



Parall- 



li, tn. fee. 
I. 5. 



3 

Z9 



3. 2a. 42 
3- 33' 5 



5- 23 
Sun's P.ir. 8 



'5^ 



Central Time & Calcutta. 



5. 16 



5 


22. 

53' 


3 

4+ 


8. 
8 


'5- 

20. 


47 
58 



.5- " 

Sun's l'.ir. 



8,36 



The Sun's Parallax deduced from the obferved and calcinated Times of the 
3d internal contad. 



CentralTime&;5^/V.7^K<j.'CentralTime&5rt'v.Wij«yJ. Central Time kParis, 



h. m. fee. 
8. 20. 4 
o o. 17 

8. ig. 48 
8. i8. 4 1 

~T 

Sun's Par 



Parrail 



I. 1 1 



8"9t 



h. 


m. 


he. 


B. 


20. 


4 


0. 


0. 


3'J 


8. 


'9 


U 


8. 


18. 


22 




1. 


12 




Sun 


^ Par 



ParalJ. 



II 



R",6?. 



h. m. fee. 

8. 20. 4 

o. 9 16 

8 29. 20" 

8. 28. 27 

53 
Sun'.-^ Par. 



Parall. 



o. 54 

8".34 



Central Time &c Bologna. Central Time &c Cape. Central Time & Upjat. 



8. 20 
o. 45 



4 

21 



9- 


5- 


25 






9l 


4- 


-'7 
28' 


0. 


29 




Sun's Par, 


f?,2I 




C« 


■ntral Time &c Vpjal. 


8. 


20. 


4 


0. 





I. 


10. 


26 






9- 


3°- 


30 






9- 


28, 


__ 7 
"21," 


2. 


21 




2. 






Sun 


s Par. 


8,62 





20. 4 



o. 



g. 33. 39 
9_39- 5£_ 
6. II 
Sun's Par. 



6. 
8,58 



8. 
I. 


2 . 4 
10. 26 


9- 
_9_ 


3°- 3° 
28. y 


2. 21 
Sun's Par 



o. 



2. 2 1 



8,50 



Central Time & IZ/yaA Central Time kUtockhotm. 



8. 


20. 


4 


I 


10. 


26 


<?• 


20. 


30 


9- 


28. 


3 



o. 



2. 27 

Snn's Par. 8,86 






8. 
I. 


20. 4 
12. 26 


I 


9- 
9- 


32- 30 

30 11 






2. 19. 
Sun's Par 



2. 18 

8,;6 



Central 
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Central Ti'me k'StoekJholm. 
Parall. 
h. m. fee. • " 
8 20. 4 0. 

1. 12. 26 

9. 32. 30 

9. 30. 8 2. 18 
2. 22 
Sun's Par. S'',y^ 


'Cential' ''rime & ^^. 
Parall. 
h. m. fee. ' *' 
8. io ^ 0. 

I. 28. 33 


Central lime 
h. m. fee. 

8. 20. 4 

1. SI. 50 


Sc Cajaaib. 1 
Parall. 

0. 

2. S9 
8".3> 


9. 48. 37 

9. 45. S9 2- 30 

2. 38 

Sun's Par. 8".95 


10. ij. S4 
to. 8. 50 


2- 55 
Sun's Par. 


CentralTime & Toioljii 
8. 20. 4 0. 
4. 3'. 52 


Central Time & Calmar. 
8. 20. 4 0. 
I. ^ ?9 


Central 1 imeS 
8. 20. 4 
4. 12. 34 

>2. 32. 38 

12. %i;. 47 


iRodrigues, 
0, 

3- 7 
• 8,59 


.2. 52. so 

12. 49. 20 3. 35 


9. 25. 43 

9. 23. 40 I. 59 


3- 36 
Sun's Par. 8,54 


2. 3 
Sun'aPar. 6,78 


Sun's Par 


.CentralTime Se Calcutta. 
8. 20. 4 0. 
5- 53- 44 




14. 13. 48 

14. u. 34 2. 14 


2. 14 
Sun's Par. 8,;o 







The Sun's parallax is alfo found, by comparing the total 
duration bc:twcen the internal contacts, as it was oblcrved in 
different places, with the duration at the center of the earth, 
viz. 5^. fS''. i". 



Uent. Uuration&a.:^/*r 

Paiai 
h. m. fee. ' '' 

5. 58. 1 o. 

5. 50. 7 7. 33 



7- 54 
Sun's Par. 



8 Sc 



Cent.Durat.&a; Cairnar, 
5. 58. I o. o 

5-49- 54 8- 5 



8. 7- 
Sun's Par. 



8.53. 



Cent.Dur.& at Stockholm 
5. 58. I 0. o 



5- SO- 4C 



7' 34 



7. 16 
Sun's Par._8.l6 



Cent. Duration ^txUfjal. 



Parall 



m. 
58, 
50, 



fee. 



1- 59 
Sun's Par. 



o. 
7- 

8',98 



o 

33 



Cent.l)ur.& at Herno/and. 
5. 58. I o. o 

5. i;o. 26 7. 36 



7- 
Sun' 



35 
-Par. 



8,48 



Cent. Dur. &at Stoekholm, 
5. 58. I O. o 

5- 5°- 42 7- 34 



7. 19 
Sun's Par. 



8,27, 



Cent.Duratiou & A\.U/>Jal 

Parall 

h. m. fee, ' " 

5. 58. I o. 

5' 5°' 26 7. 



o 
33 



„7- 35 
Sun's Par. 



8 



.54 



Cent. Dur. & at Homo/and. 
S. 58. I o. o 

5- 5"- 17 7- 36 



7- 44 
Sun's Par. 



Cent. Dur. 

5. 58. « 
5. 50. 9 



& at /ibo. 
b. 
7. 46 



Sun's P.ir. »,6i 



Centi 



L 7^ J 



Cent. Dur. & at ila/anti. 
Para!!, 
ii, m. fac, 
5. 58, I o. o 



5: 49- ;4 »• 

«• 7 
Sun's Par. ii ,53 



5 



Cent. Dur. 5c at Madrafs. 

1;. 5H. I o. o 

S- '?■• 43 6. 33 

6. 18 

Sun's Par. 8,17 



Cent. Dur. & at 1'ornea 

5. 58. I o. o 

5j_50.J[S_ -S- 7 

7. 46" 

Sun's Par. 8,13 



Cent. Dur, & at loholjki 

Par.^n, 
h. m. iec. 
;. s-8. I 



4S 50 



o. 
9- 



Still's Par. 8'',63 



Cent. Dur. U axCakutta. 



sS. 



5. 50. 36 



o. o 
7. 30 



7. 25 
Sun's Par. 8,40 



Cent. Dur. & axTranqueb 

Par.^!K 
h. m, (ec, 
5. 58. I 

5 ;«■ 33 



o. o 
6. 24 



6. 28 
Sun's Par. 8",;9 



Cent.Dur.& aiG/-. A/i):,»; 
5. 58. I o. o 

;■ 5'- ^° 6. 33 

6 41 
Sun's Par. 8,67 



The mean of all the preceeding determinations of the Sun's 
parallax is 8''',52 on the day of the Tranfit, in June 1761, 
which gives ^".,6^ for his horizontal parallax athis mean dift. 
from the earth. 

Mr. Stuart of Glafgovv, whom I mentioned before, deduces 
the parallax and diftances of the bodies that compofe the folar 
lyftem, from the Newtonian theory of gravitation, and the pe- 
riodical times of the Sun and Moon. As he proceeds upon 
the fuppofition that the diftance of the Sun from the earth is 
very great, it would therefore feem, that the conclufion fhould 
be accurate, in proportion to the grcatnefs of that diftance. 
His method depends upon a fcnes of propofitions, with long 
and difficult demonftrations ; fo that the rules of calculation 
are not very obvious, withouta confidcrable knowledge of geo- 
metry, in general, and a particular acquaintance with his very 
ufeful and ingenious treatife. I was defirous of feeing what 
agreement there was between the refult of his method of cal- 
culation, and the Obfervations made on the Tranfit of Venus ; 
and therefore amufed myfelf in a leifure hour with the compari- 
fon. As it may be agreeable to fo.me, who have not time to 
read over the book, and to others, whofe acquaintance with 
the mathematics will not admit of it, to have the pradical 

rules 
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rjjles of computation deduced from his propofitionsj I {halian= 
nex them to the foiegorng cakulations, together with the deter- 
tnination of the Sun's parallax and diftance derived from theoi. 

A CaUulation of the borizorilal Parallax and Diftance of the Suff, 
according to Air. Stuart's Method, from the Principles 6f 
Gravitation. 



I. As the cube root of the fquare of the ) a 

Moon's periodic revolution round the C - _, .g,, ^-.A 
Earth, viz. 5 " 

Is to the cube root of the Iquare of her re- 1 -^ 

volution from apogee to apogee, viz. r 27,5543^5] 

So is i, to a fourth number, which call A. 

2. As 5 A— 3 : A — I : : I : a fourth number, which call B 

3. As the rectangle of B and tlie fquare ) ^ i 

of the periodic time of the Earth round y BX305J2564} 
the Sun, viz. y 

Is to the fquare of the periodic time of the ) * 

Moon round the Earih, viz. 5 27,32162036) 

So is I, to a fourth number, which call C= 1,999840899. 



4. As C 1} : 12 : : C : to a fourth number ; to which add 
I, and from the fquare root of that fum fubtradt i, and multi- 
ply the remainder by the half ot C— 1, or 0,4999204495, and 
call that produ(5tD= 1,9999715505. 

5. Subtra£l D from 2, multiply the remainder by D, and 
call the fquare root of the produft E. 

6. As three times the Moon's mean diftance from the 
Earth, in feraidiametcrs of the Earth is to E, fo is R. to the 
tang, of the Sun's hor. parallax at his mean diftance = 8^,65. 

7. As E : 3 : : the Moon's mean dift. in milcs : the Sun's 
mean dift. in miles =94982600. 

L In 
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In determining the parallax of the Sun» from the obfer- 
vation made in our Obfervatory on the 3d of June, 1769, 
I have only made ufe of the time of the internal contaft, as I 
noted it on that day, together v/ich fome of my own Micro- 
meter obfervations, without attending to thofe of ihe other 
gentlemen who obfcrved with me. But, as the Society has a 
right to expeft a full account of the refuk of the other Obfcrva- 
tions, which were made on that occanon ; and as fuch account 
may tend to corroberate the for going calculations, I have, 
with Dr. Williamfon's permiffior., iubjoined a c<ilculation of 
his, founded entirely on his own Obiervation, which being 
very fliort, I have infcrted entire in his own v/ords, except 
what refers to the manner in v/liich he judged ot the contacts,, 
&c. which I have tranfcribed in another place, (fee page 48.) 
From this, which is very fimilar to the Obrervations a.ade by 
the other gentlemen on that committee, the Society v/dl per- 
ceive, that our Obfervations muR have been made with con- 
ilderable accuracy, as the refult of the c<ilculation is neariv 
the iame. 

Dr. WILLIAMSONS Bctcrnnnailon of th; Parallax of tki 
SUN, frcin his Ohfevvatlon of the Transit of VENUS, 
at Philadelphia., June 3^, 1769. 

'♦ "\ XT' IT H a Refracting Telefcope, affect long, which 
VV nnagnified near 100 times, I obierved, 
Theext. coruacl at 2^.11'. ;]i''^ 



Int. Do. 



at 



19. 10 S 



Mean Timie. 



" With a Micronneter of DoUond's ccnfiruiftion, fitted to a 
Gregorian P. efleitor, v.hich mr.gnilied 100 limes, I mealured 
the diPc. of Venus from the limb of the Sun ; alfo the diame. 
ters of the Sun and Venus, as follov/s : 



Mean Time 
h 



At 



m, 

32. 

5J- 



Ac. 

- 7 
j8 

55 
26 



N'carefl; Diftancc of the 
Cciitcis oi' G & $ • 
m. fee. 
10. 



I I. 
I I. 
12. 



14,12 
I4>I9 

33,23 



N'carefl: Diftancc of the 
Limbs oi G & ? . 
m. fee. 

5- 2,53 

4. 1 146 

4. 3,42 

3- 5.' ^2 

I M£A--. 
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" I MEASURED the diam. of Venus on the Sun, and fouhd it 
to be 55^,42 . I alfo frequently meafurcd the diam. of the Sun, 
on the (Jay of oWervation, and the next day, and found it to 
be3i''. 3i'',3o. 

" From thefe data, I fliall attempt to deduce the Sun's par 
except that I (hall make noul'e of the meafure at 6'\ 32'. 18'', 
•which I fufpeded was not accurate at the inllant it was made, 
wherefore I immediately made another meafure, viz. ac 
6h. Zi' 55". 

" The nearefl did. of the limb of the Sun from that of 

Venus at 5'' ^2'. i-iii ^ J 1 

, , r ^ ' > mean time compared too;ether. 
And at o ij. 53 5 f o ■> 

give ihc apparent nearefldift. of their centers 10'. 3^,7, or 

6o3''',7, and the })arallax ot Venus was at that time iouih 

b^.,<^\ nearly. Therefore, the geocent. nearefl difl. of their 

<.tniers vvas6io''',6i. Then, 

" As 72626,3 [he relative neareftdift.ofVenus from the Sun, 

" Is to 28894,9 her dilt. from the Karih. 

" So is 610', 61 the geocent. nearell dift. of the cent, of the 
Sun and Venus, 

" To 242^936=4'. 2''',936, the heliocent. difl. of their ccn- 
ters at the nearcft appioach. 

" As Sine 3°. 23'. 20'' the given inclin. ofVenus's orbit to 
the ecliptic : Is to Radius, 

" So is S, 242*, 936, the heliocent. dift. cf the cent, of the 
Sun from Venus, at the middle of the tranllt, 

" To the Sine of 4io",5 = i''. 8'. 25", the Sun's dift. from 
the node of Venus at the ecliptical conjundion. 

" As S, of I*'. 8'. ir^n, theSun'sdiftfrom the node cf Venus, 
" Is to 10'. io''',6i, the geocent. neareft dift. of iheir centers, 
" So is Rad; to the S, of 8". 32'. 57",6, tiie angle of Venus's 
vifible path with the ecliptic. 

" From 8°. 32'. 57'^6, the angle ofVenus's vifible path, 
" SuBT. 3. 23. 20, the inclination of Venus's orbit with the 
echpt. and the remainder is 5". 9'. 37*,6, Then 

As 
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" AsS, 5". 9'. 37^,6 the diff. of the angle of Venus's vifible 
path and theinclin. of her orbit, &c. 

" Is to S, 8r. 32'. 57'',6 the angle of Venus's vifible path 
with the eclipt. 

" So is 2',392375 the given hor, motion of the Sun. 

*' To 3 ',954 1 2 the hor. motion of Venus, 

" As Rad. Is to T, 8°. 32'. 57*,6 the angle of Venus's 
vifible path, 

" So is S, 1°. 8'. 25'' the Sun's dift. from the node of Venus. 
" To T, 10/. 17^2 Venus's geocent. latitude. 

*' As 72626,3 the relative dift. of Venus from the Sun, 
" Is to 28894,9 her diftancefrom the Earth. 
*' So is 6i']",z her geocent. latitude. 
" To 24§'',§6 her heliocent. latitude. 

*' From 15'. 45*,65 the femid. of the Sun, 

" Take 27''',7i the femid. of Venus, and the difFerence 
is 15'. i7''',94., the dift. of the center of the Sun from the 
center of Venus at the inter, contaft. But the geocent. neareft 
dift, of their centers was found 610^61. From thefe (p. Euc. 
I. 47) the length of half the tranfit line between the int. con- 
tails is found to be 685^,397 which divided by the hor. motion 
of Venus gives the femiduration of the tranfit between the 
two internal contafl:s z^, 53'. 20^2. 

" In the fame manner, from the geocent. lat. of Venus, and 
the neareft dift. of her center from the center of the Sun, we 
find the time of Venus paffing from the eclipt. conjunftion to 
the middle of the tranfit 22'. 44^9. Then from gK 28' 47', 
■which I find to be the central time of the middle of the tranfit, 
dedu£t 22^. 44*9, and the remainder, viz. 5^ 6\ 2''',i, will 
be the apparant time of the ecliptical conjunftion when the 
Sun's place was 2', 13°. 27'. 20^5, as calculated by the 
Aftronomer Royal, on the fuppofit'on that our Obfervatory is 
weft of Greenwich 5''. o'. 35'''.— —To the Sun's place in the 
eclipt. add his dift. from the node of Venus 1°. 8'. 25''. The 
fum is a*. 14°. 35'. 45^5, the plare of Venus's afcending node. 

From 
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*' From the micrometer meafures above given, it appears that 
the center of Venus was at her nearcft approach to the center 
oF'the Sun at gh. 21'. 44' mean time, or 511. 23'', 59^ ap- 
par. time. But on account of the parallax ot Venus, the appar. 
time at the center of the Earth was 4'. ^3" later, which brings 
it to 5K 28'. 47^ as I have mentioned. From this dedud the 
femidurat. z^. 53'. 20, and the remainder 2h 35'. 27' is the 
time of the internal contadt at the center of the Earth. This 
contadt I obferved as above, at 2.h. 29'. 10'' mean time, or 
2"*. 31' : 25" apparent time. This difference, therefore, viz. 
4'. 2", is the obferved effcfts of Venus's parallax both in lati- 
tude and longitude. 

" But on the fuppofition that the Sun's horizontal parallax, 
at her mean dift-. from the Earth was 8",65, as Mr. Short 
has ftated it at the former Tranfit, then his horizontal paral- 
lax, on the 3d of June, the day of the Tranfit, would have 
been 8",5204, in which cafe the total effedt of her parallax, 
to haften the internal contaft at Philadelphia, fliould be 4'. i". 
Therefore, 

" As 4'. i" is to 4'. "2, fo is 8'',5204 to 8''',556,.the Sun's 
horizontal parallax on the day of the Tranfit, according to the 
foregoing Obfervations. 

" Hence we have 8'",685, the Sun's horizontal parallax at 
his mean diftance from the Earth. Then fay, 

" As the T, of the Sun's horizontal parallax : is to the femi- 
diameter of the Earth, 

" So is Rad, to the diftance of the Earth from the Sun, 
viz. 94791 100 Englifli miles, taking the Earth^s mean fenii- 
diametcr at 3985.4 miles. 

M 
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M Account of the Tranftt of MERCURT over the SUN, 
en November ^th, ly^g. N. S. 

IN the judgment of moftAflronomers, the tranfits of Mercurjf. 
and Venus over the Sun afford the bed opportunities, for 
fettling the longitudes of places on the earth, even preferable 
to that derived from the ecliples of Jupiter's fatellites, when 
the parallax of the Sun is previouQy known. Thofe of Mer- 
cury happen frequently, and although they are of but little 
importance in determining the parallax of the Sun and the di- 
menfions of the folar fylicm, by reafon of his great diftance 
from the earth, and the difference of their parallaxes being lefs 
than that of the Sun ; yet they have been carefully obferved, 
for the purpofe of fettling his theory, and the longitudes of 
the places of obfervacion. The Society therefore, lenlible of 
the importance of this phoenomenon, both to th"e perfedtion 
of aftronomy in general, and particularly for compleaiing the 
purpofes defigned to be anfwered by the obiervation of the 
tranfit of Venus, have appointed the fame committee, with the 
addition of two other gentlemen, to obferve the tranfit of 
Mercury on the 9th of November, 1769, in Philadelphia^ 
that had been before appointed to obferve that of Venus. 

Having flill the fame inflruments in our Obfervatory, which 
•we ufed on the former occafion, together with a new Time- 
Piece made by Mr. Duffield of this city, with an ingenious con- 
trivance of his, in the conflruftion of the pendulum, to remedy 
the irregularities arifing from heat and cold ; we paid the 
■utmoft attention to the going of the clock, both before and 
after the tranfit. From comparing a fufiicient number of cor- 
refponding altitudes of the Sun's limbs, we found that our 
clock was too flow for mean time 1'. io" and the equation 
of time being 15'. ^^'\6 or to avoid fradlions 15'. 50''' v 
17/. 10" were added to the times of all our obfervacions, as 
they were wrote down in the Obfervatory, to reduce them to 
apparent time. In this manner we obtained the time of the 
fubfequent obfervations. Dr. JVilliamfon^ Mr. Shippen and my- 
felf ufed the fame Telefcopes, we had ufed before in obferving 
the tranfit ot Venus 5 excepting that on this occafion I choie 

that 
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that power of the Telefcope which magnifies the diameters of 
objefts an hundred times. Mr. Evans uied the Reflecting Tele- 
fcope formerly ufed by Mr. Biddlt at the Capes. 

On the day of the tranfit, we aflembled together ar the Ob- 
fervatory, adjufted our Telefcopes to diftindt vifion, appointed 
an afljftant to count the clock with an audible voice, and agreed 
that no other perlon Ihouid fpeak, nor move from his Tele- 
fcope, until both contafts were over •, but write down his own 
obfervation feparatelv by himfelf, that it might be compared 
with the others. The flcy being very ferene, and the limb of 
the Sun well defined in our Telefcopes, we obferved the con- 
tacts, as they are exhibited in the following table. 



Obfervers. 



Dr. William/on, 
Mr. Shifftn, 
Mr. Evans, 

Myfllf. 



External Cont. 


Int. Cont 


Par. in 


Par. p. 






Vert. 


tohisP. 


L ni. fee. 


h. m. fee. 


" 


** 


2 36. 5Ap.T. 


2. 37- 3° 


3.74 


3.44 


2.36. 12 


a. 37. 4c 






2.36. 9 


2. 37- 38 


3.745 


3.^4 


2.36. 9 


»■ 37- 30 







Par. in his 
Path, 

1.48 at the External 
Contaft. 

1.49 atthe Internal 
Contact. 



I HAPPENED to have that part of the limb of the Sun, on 
which Mercury entered, in the tniddle of the field of my Te- 
lefcope, with my eye intent upon it j fo that I am certain that 
there was not the leaft imprelfion on theSun's limb, perceptible 
by my Telefcope, a fingle fecond of time before I difcovered 
it. So that I am not furprized that Dr. Halley, who had ob- 
ferved a tranfit of Mercury in the ifland of St. Helena, con- 
cluding that, that, of Venus would be equally inftantancous, 
expedted, that the contadt of her limb with the Sun might be 
determined to a fingle fecond of time. The atmofphere of 
Venus renders it quite otherwife, and produces an uncertainty 
of 5 or 6 feconds of time in judging of the contadts ; whereas 
no fuch thing was perceptible in Mercury. The firft appear- 
ance of Mercury, on the Sun's limb, was a Heady fmall fpeck, 
black, well-defined, and not larger (in my Telefcope; than 
the dot or a pen. But that of Venus was tremulous, obfcure, 
and ill-defined, growing gradually darker as fne advanced on 
the Sun. If Mercury has an atmofphere, it muft be fo rare 
and low, that his diflance from us renders it abfolutely imper- 
ceptible 
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ceptible with the Telefcopes that we ufed. At the internal 
contaft, the crefcent of light round the body of Mercury clofed 
iriftantaneoufly, fo that it might be judged of with more pre- 
cifion than that of Venus ; his atmofphere giving us no dif- 
turbance in this cafe. Wc could not have a fairer opportunity, 
for afcertaining the truth of thefe conclufions ; as ourTelefcopes 
were in good order, and well adjufted, and the (ky was re- 
markably clear and ferenc on both of thefe days. On the firll 
of them, not a cloud appeared from morning till evening, and 
on the latter, none till about four o'clock, when the Sun was 
very low -, and both the tranfits began between two and three 
o'clock, in the afternoon. 

About three o'clock, I applied myfelf to the Micrometer to 
meafure the diameters of the Sun and Mercury, and the nearefl: 
diftance of their limbs, while 'DT.ffilliamfon read off the divifions 
of the Micrometer, and a third pcribn wrote them down, v/ith 
the times of making them. Thefe meafures make the diamertr 
of the Sun on t\\^ (^th. oi November 1769, 3.'. zo",i or his 
femidiameter gyo''',! feconds, and the femidiameter of Mercury 
4^238. The meafures of theleaft diftances of their limbs re- 
duced to minutes and feconds of a degree, with the parallaxes 
of Mercury adapted to the apparent times of the obfervations, 
as they arc determined from a very large proje(5tion of two 
inches to a fecond of his hor. parallax, ate fet down in the fol- 
lowing table. 



Apparent Time. 


Neareft Di'ft. of Par. of '? in 


Par, per. to 


Par, ill his 




Limbtci'O&S the Ver, 


his Path, 


Path. 


h. m. fee. 


/ /* 


" 


»0 


0* 


2. 59. 40 


!• 54.1 


3,81 


3.4 ^ 


1.7 5 


3- J' 


3. 0,62 


3.81 


3^396 


^^7i 


3- 2. 35 


2. 8,284 


3.82 


3.393 


1.745 


3- 4- 30 


2, 20,832 


3M5 


3'39^ 


i^7^5 


I 3" 6" 10 


2. 26,048 


3,826 


3.^86 


1,78 


\ 3- »0' ii 


2. 48,216 


3.835 


3.38 


1.83 


1 3. 12. 6 


2. 57.244 


3.841 


3.379 


1,84 


3. 12. 56 


3- 2.56 


3.844 


3.370 


1,85 


3- 15- 4 


3- 13.744 


3.850__ 


3.375 


1.865 

m ■Mni - ■ c^ 



Appareat 
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Appareat Fiias. 


Neareft DiiK of 


Par. of gin 


Par. per. to 


Par. iti his 




Limbs ot & g 


the Ver. 


his Path. 


Path. 


h. m. fee. 


' -y 


# 


II 


II 


3- 18. 4 


3. 26,032 


3.856 


3>3^9 


1,87 


3- 19- 18 


3- 30,596 


3,86 


3.366 


1,888 


3- 21. 30 


3. 41,68 


3.864 


3*3^3 


^915 


3- 24. 


3- 51.684 


3.875 


3^36 


^y9S 


3. 30. 


4. 20,8 


3.895 


3.34 


2,0 


3- 33- 30 


4. 35,144 


2^90 


3.338 


2,02 


3- 36. 40 


4- 51,444 


3.905 


3.334 


2,04 


3- 37- 40^ 
3- 39- 255 










5. 2,202 


3.915 


3.33 


2,065 


3. 41. 10 -> 
3. 42. 50 s 










5. 21,406 


3,930 


3>3^5 


2,09 


3. 46. 5« 


5. 37.184 


3y935 


3.32 


2,145 


3. 55- 32 


6. 8,48 


3,96 


3.30 


2,2 


3- 59' 10 


6. 26,084 


3,97 


3.29 


2,24 


4. 28. 50 


7- 54,756 


4,0 


3,22 


2,42 


4. 47. 50 


8. 35,18 


4,02 


3^^5 


2,51 



N. B. In the above Table, the meafufe at a"". 37'. 40' was 
taken between the neareft !|imb of the Sun and the interior 
limbofMercury neareft to the Sun's center, and is 5'. 2',202, 
the fame with the diftance of their neareft limbs at 3^ '^(^' . 25^: 
So alfo the diftance between the neareft limb of the Sun, and 
the interior limb of Mercury, at 3''. 41'. 10", was the fame 
with the diftance of their neareft limbs at '^. 42'. 50'^ viz. 
5'. 2 1^406. The fame is to be faid of the laft meafure, which 
was taken from the neareft limb of the Sun to the limb of Mer- 
cury neareft to the Sun's center. 

If a computation be made from the above meafures, the ap- 
parent neareft diftance of their centers will be found to be 
451^914. But Mercury was then deprefled by parallax 3',it; 
fo that the geocentric neareft approach of their centers was 
455',024, which happened at 5^. i' . 15" ap. time, when his 



par. in the vert, was 4*,042 
pend. to his path 3',! i . 



and in his path 



2\53, 



and 



per- 



M 



Thk 
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The horary motion of Mercury as feeti from the Earth jj. 
alfo determined from the above meafures to be 5'. g6\^^i=, 
5''',94856, which is nearly the fame with what is given by 
Dr. Halley's tables of Mercury. On the day of the Tranfit, he 
moves, by them, at the rate of I5*,334 per hour. The Sun's 
horary motion on that day is ftated in the Nautical Almanac 
at 2^5 1 6, and their difference, viz. 12,818 is his hor. motion 
from the Sun, as feen at that diftance. Then fay, 

As the dift.of $? from 0, i» to his dift. from G. So is this hor, mot. t* 
his hor. mot. from 0, as feen from 

4. 830,2920 

4- 49S'330S 
I. 107,8203 

5. 603,1508 

"o. 772,8588=5',92733=rs'. 55*',6398J|'8hor. mot., from©, as 
feen from G> 

>5- 334 
2. ;i6 



17. 850=1. 251,6382 

12. 818=1. io-,8203 

11. 214,2067= ? the log. cot. ofhalf the incl. of J^'s orbit 
-■ ' 5 with the ecliptic=i 6*. 59'. lo". 

12. 322,0270 

Log, Tang. ' ii. 070,5888=85'.' 8. 22" 

80. 30. 20 



171. 38 42 



with the ecliptic. 



8. 21. i8=the angle of |f '« vjfible path 



Ai Rid : Sec, 8°. 21'. 1 8" : : geo. neareft dift : the geo. lat. of g 
10. 000,0000 
10. 004,6^42 
2, 658,0343=455",024=geo. neareft dift. 

2. 662,6685=459,905=7'. 39'',905=geo. lat. of g 

As dift. of g frbmO : his dift. from Q : : geo. lat. : his heliocent. latitude 
4. 495,3305 
4. 830,2920 
2. 662,6685 



7. ^.92 .9605 

f> I II II I —I ■■■» 

i' 997,6300c=954",ss3«=i6'.34",.558 thchel. lat. of J 



As 
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A» T, 6*. 59*. 10" : R : : T, 16'. J+".SS8 : Sine of Q's dift. from the 
node of § 

g, 088,415$ 

10. - - - - 

7. 683,0140 



8. 5^4,6007=2^. 15'. i2",2 O'idifi' ffom thenodc of ){ 

45S»°H 

914,929=2. 961,3873 
4,881=0. 688.5088 



3. 649,8961 

1. 824,948e5=66",8264= f the length of part of the tranfil 

2, 551,01048 'shor. motion < line between the middle of 
in feconds. t the tranfit&the ed.conjunftt 

—J. 273,9376=0''. 187905=0(1. 11'. i6",4s8 the tune be* 
tween the middle and ecliptical conjun£lion. 

974,338 the fum ofthe femidiameters of O snd )f 
455,024 the geo. neareil dift. of their centert. 



1429,362=3. 155,1422 
;i9,3i4 =2. 715,4300 

5. 870,5722 

2. 935.^86i=86.'',56. f ^^^"fSe^'af'c^S'' ^ 
2. 55i,oi04 =the hor. mot. of g on©, as feen from Q 

„ ., o. 384,z757=2h. 422j67=2h. 422567»2h.25*. 2i",24the 

fcmiduration from the external contaft. 

965,862 thedif. of the femidiameters of o and Jf 

4; 5,024 t he geo neareft dift. of their centers. 

1420,886 3 152,5691 
510,738 3. 708 2833 



5. 860,8524 

2 0504262== S" 85 '♦974=^thc length of half the tranfit line 
" '^ C from the internal contaft. 

2- 551,0104 

o. 379,41 58==2h. 3956i-.2h. J3*.44",i96 

Now to 2h. 36'. 9" the time ofthe exter. contafl. 

Ad d 2. 25 21 the femidw. between the external contafts. 

The Sum, 5 . 1 . 30 is the timeof the neareft approach of their centers^ 

To this add, 11. 16,5 the time from the middle to the eel conjunft. 

The Sum, 5. 12. 46,5 is the ap. time of theecl. conjunS. at Philad. 

Tothis aad, 5. o. 35 the difF. of merid. between Greenw. & Philad. 

The Sum, 10. 13. 21,6 is the time ot the eel. conjunftion at Greenw. 

M 2 when 
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when the Sun's place, according to the Nautical Almanac, is jt. 17^. 50', 41'% 
and that of Mercury is, u. 17". 50'. 41", by Dr. Halley't tables. From. 
this fubtraft 2°. 15'. 12", the Sun's dift. from the node of Mercury, and the 
remainder i*. 15°. 35'. 29, is the place of his node at that time. 

^he Projection 0/ //&^ Transit p/ MERCURY. Pl.V. 

The following projedtion oftheTranfit of Mercury over 
the Sun, on the 9th of November, 1769, was made from the 
foregoing meafures and calculations, on the fuppofilion that 
the Sun's horizontal parallax, at his mean diftance is, 8*,65, 
and therefore, 8^7437 on the day of the Tranfit. In this 
cafe, the horizontal parallax of Mercury, at his mean diftance, 
will be 14", II 32, and on the day of the Tranfit 12^7856, and 
therefore his horizontal parallax from the Sun, on that day is,; 
4'*',04i9, being the difference of their parallaxes. 

The delineation was made in the fame manner as that of the 
Tranfit of Venus, The elements for it were coUeded from 
the preceeding calculation, and the parallaxes of Mercury 
■were mcafured upon a very large projedion, for that pur- 
pofe, adapted to the apparent times of the Micrometer 
aneafures, and applied to the projcclion. By thefe, the appa- 
rent places of Mercury were determined, as feen at Philadel- 
phia ; and fmall circles were drawn round them, with the Ra- 
dius 4^238, to reprefcnt his difc, on the face of the Sun, 
From the limbs of the Sun and Mercury, lines were drawn, 
in the direftion of their centers, of the precife length exhibited 
in the foregoing table of meafures. 

Upon the whole, I have given a full and faithful account of 
our Obfervations of the Tranfits of Venus and Mercury, in the 
foregoing fheets ; and if they fliould be found, in the conclu- 
fion, to contribute any thing to the advancement of Aftrono- 
mical Knowledge, it muftrefledl an honor on our new Obfer- 
vatory, and give pleafure to all the Lovers of Science, as well 
as to, 

Gentlemen, 

Your moft obedient 
And very humble Servant, 
Philadelphia, July i^th, iy6g. JOHN EWING, 



